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PEEFACE TO VOL. II. 

Whoever reads this volume with a view to criticizing’ it, will 
find it, 1 doubt not, full of mistakes and omissions; I can 
only assure him that he cannot he more sensible of its defects 
than the compiler. 

The subjects treated of are, indeed, so extensive that to do them 
justice, would require far ‘ more knowledge, both theoretical and 
practical, than I can pretend to. Hut I have endeavoured to 
supply a want which has long been felt by most Engineers in 
India, and have spared no pains in executing the task. Hereafter, 
perhaps, an improved edition may be issued more worthy of the 
subject, as well as the College from which it issues. 

Many important branches of Engineering are wholly undis¬ 
cussed in these two volumes, such as—Water Suppl 3 ’’ of Towns— 
Drainage—Harbour Works, and others. I can only say in ex¬ 
cuse—first, that I know little or nothing about them ; secondly, 
that they are subjects which do not generally^^jBj|J|p».»into the 
practice of Indian Engineers; thirdly^^^^j^-tO^ave extended this 
Treatise would have been to make it too bulky and expensive for 
general use. 

The First Volume having treated of Building Materials, their 
nature, uses and strength,—and the principles of general con¬ 
struction involved in Masonry, Carpentry and Earthwork,—this 
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Second Volume treats of Special Constructions under the headings— 
Buildings, Bridges, Koads, Railways and Irrigation Works. 

Section VI., Buildings, has been compiled from the College 
Manual, No. VI., from Mahan, Eankine, and other sources; with 
some Indian examples taken from the " Professional Papers.” 

Sections VII., VIII., IX., and X., Bridges, Roads, Railways, 
and Irrigation Works, have been based on the four College 
Manuals, on those subjects, drawn up by myself in 1863, to 
which has been added a large quantity of additional matter and 
numerous Indian examples from the '' Professional Papers,” and 
other works noted below. 

As the authorities from whom extracts have been made or 
opinions quoted, have not, as a inile, been given in the text, I will 
here add a list of the works consulted in the preparation of the 
two Volumes:— 

Thomason College Manuals of Civil Engineering, Nos. I. to X. 

Professional Papers on Indian Engineering, Vols, 1, 2 and 3. 

Proceedings of the Institution of Civil Engineers. 

Mahan’s Treatise on Civil Engineering (American Edition). 

Rankine’s Manual of Civil Engineering. 

Tredgold’s Carpentry. 

Dempsey’s Practical Railway Engineer. 

Gillespie’^Rbads and Railroads. 

Humber’s Wrought fron Bridges. 

Articles “ Railways ” and “ Iron Bridges,” in the Encyclopedia 
Britannica, 8th Edition. 

Sir Proby Cautley’s Report on the Ganges Canal. 

Col. Dickens’s Report on the Soane Canals. 
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Major Crofton^B Reports on the Sultej and G^ant^s Canals. 

Colonel Anderson^s Notes on Canals and Rivers. 

Professional Papers of Madras Engineers, Vols. 2 and 4. 

Colonel Baird SmitVs Madras Irrigation. 

Keay's-Scantlings of Timbers for Roofs. 

Kcay's Examples of Estimating. 

Kunhya LaVs Wooden Bridges. 

Morton’s Treatise on Rajbuhas. 

Interleaved copie.s of this Volume as well as the First, may 
be had on application. I may add thit the first edition of Vol. 
I., of which only 500 copies were printed, will probably be 
exhausted in about a year, and if any interleaved copies with 
corrections and additions could be returned to Roorkee by the 
end of this year, I should esteem it a great favor, and would 
send in exchange copies of the new edition, when ready. Of 
the present volume 1000 copies have been printed, or the price 
of each would have been too heavy. A second edition of it, 
therefore, cannot be looked for so soon, but judging by the pre¬ 
sent demand even before the volume is issued, the date will not 
be a distant one when I .shall be glad to have the interleaved 
copies returned with a similar object. 

I take this opportunity of drawing attention to tlie care and 
excellence displayed in the Press-work of tlie two" Volumes, for 
which the reader is indebted to Sergeant Johnston, the Super¬ 
intendent of the College Press. 


Roorkeb, ■) 
May, 1867. J 


J. G. M. 




CONTENTS. 

SKUTION VI.—B LTILDIKUS. 

Cjiaiter XXIV. Walls,. 1 

CiiAn-Eu XXV. Floors. 3 3 

CiiAiTTMi XX’N"!. Hoofing—I'^inislniig, . 18 

CiiAi-TEn XXA’11. designing,. 31 

Chai-teh XXVJIl. Sjiocilication and Fsslimate,. 41 


SKCTI< )N VII.—BHIIHIFS. 

(liiAj-rrn XXIX. Tt'ni])orarj' Briilgos,. 54 

CliiAi’TER XXX. Pormanonl Bi-idgc‘S, ... 62 

C.'iiAi-TEii XXXI. Masonry Bridges, . 74 

CnAi'TEU XXXII. Wooden Bridge.s, . 96 

CifAe'j’EH XXXlll. Iron Bridges,. 126 


SECTION VIIl.—HOADS. 

CnAPTKn XXXIV. Temporary Eoads. 160 

CiiArXEU XXXV. Gradients and Cross Seetioii, . 164 

Ciiapteh XXXVI. Survey, Design and Estimate, . 176 

CiiAPTEK XXX VII. Inning Out and Construction, . 196 

CifAi’TEn XXXVIII. Hill Hoads, . 214 


SECTION IX.—RAILWAYS. 

Cu.AFTER XXXIX. Introductory—Alignment and Direction— 
Curves—G rndients, . .. 


223 



















vni 


CONTENTS. 


Chapter XL. Formation of Roadway—^Tunnels—Crossings—Fen¬ 
cing, . 282 

Chapter XLL Permanent Way, . 244 

Chapter XLIL Rolling Stock—Locomotives,. 257 

Chapter XLIIL Stations, . 269 

Chapter XLIV. Traffic,. 283 

Chapter XLV. Horse Railways, . 290 


SECTION X.—IRRIGATION WORKS. 

Chapter XLVI. Well Irrigation,. 299 

Chapter XLVII. Canal Irrigation—Madras and IJcngal Systema — 

Inundation Canals, . 306 

Chapter XLVHL Permanent Canals — Source of Supply — Amount 
of Water Reqnircd—Slope of Bed—Section of CLan- 

iicl—Alignment of Canal,.... 317 

Chapter XLIX. Falls—Rapids—Lock.s, . 339 

Chapter L. Drainage Works—Aqueducts—Inlets—Dams—Super¬ 
passages, . 352 

Chapter LI. Head-works—Dams—Regulators, . 357 

Chapter Lll. Rajbuhas—Measurement of Water—T].j.]gation De¬ 
tails, . 364 

Chapter LIII. Duties of Canal Establisliment,. 378 

Chapter LIV. Costand Revenue,. 386 

Chapter LV. Madras Canals, .. 39J 

Chapter LVI. Irrigation Tanks, . 406 

Chapter LVII. River Immdations—River Improvements, . 422 





















LIST OF PLATES 



NO. or 

Fl^TE. 

flection the Church of St. Paul's, at iiomc, 


1 

Atkinson’s Tiled 11001105 , ..... 

. 

2 

Iron Hoofing, ....... 

3, 4, 5 

, c 

llangoon Custom House, ...... 


7 

Design for Drawing room Interior, 

. 

8 

Nowsliera Darracks, ...... 

. 

9 

Standard I’lans of Indian Barrack.s, 

, 

10 

Meean Mccr Chureh, ...... 


11 

Cawnj)i..re Memorial Church, .... 

. 12 , 

13 

Attock Church, ....... 

. 

14 

Tiiird Class rassenger Station, E. I. Railway, . 


15 

Design for European General Hospital, Bombay, 

. 

16 

Soane Causeway, ....... 


17 

Temporary Wooden Bridges, ..... 

. 

18 

Bridge of Boats at Delhi, ..... 

. 

19 

Pontoon Bridge at Agra, ...... 

• 

20 

Sohan Bridge, ....... 

. 

21 

Markunda Bridge, ....... 


22 

First Class Bridge, Ganges Canal, .... 


23 

Palamcottah Bridge, ....... 

. 

24 

VV ooden Bridges, ....... 

25, 

2G 

Yangul Bridge, ....... 

. 

27 

Hurroo Bridge, ...... 


28 

Barra Bridge, ........ 

• 

29 

Iron Bridges, ....... 

. 30, 

31 

Jumna Bridge, Allahabad, ..... 

. 

32 

Tonso Bridge,. 

. 33, 

34 



LIST 0 ¥ PLATBS. 


Suspension Bridge near Saugor, .... 

No. OP 
PliA.TlS. 

35 

Sections of Roads in Rajpootana, .... 

86 

Culverts,. 

37 

Plan and Section of the Lucknow and Fyzabad Road, 

38 

Rollers for Road Metalling,. 

39 

Road Tracing,. 

40 

Blasting on the Lahore and Pcshawur Road, 

41 

Cross Sections of an Indian Railway, 

42 

Sibley’s Wrought Iron lioadway, .... 

43 

Switches and Tnmtablcs,. 

44 

Railway Carriage Frame, ...... 

45 

Wood Burning Passenger Locomotive, . 

4G 

Umritsnr Passenger Station, Punjab Railway, 

47 

Sealdali Passenger Station, F. B. Railway, 

48 

Bullock Run, E. 1. Railway, ..... 

49 

Bhorc Ghat Incline, ...... 

50 

Signals, ......... 

51 

Single and Double Mot, .... 

52 

Northern Division, Ganges Canal, .... 

53 

Cross Sections, Ganges Canal, .... 

54 

Ogee Fall, Ganges Canal,. 

55 

Vertical Fall with Grating,. 

56 

Rapids, Baree Doab Canal,. 

57 

Locks, Ganges Canal,. 

58 

Mills,. 

59 

Soloni A(|ueduct, Ganges Canal, .... 

60 

Dh'mowrie Level Crossing,. 

61 

Seesooan Superpassage, Sutlej Canal, 

62 

Dam and Regulator, Myapore, Ganges Canal, 

63 

Canal Regulating Apparatus, .... 

64 

Khutowli Escape Head, Gauges Canal, 

65 

Rajbuhas, ........ 

66 

Measurement of Water,. 

67 

Details of Distributaries, Soane Canals, . 

67 

Carroll’s Palent'Module,. 

68 

Kistna Anicui,. 

69 




LIST OF PLATES. 


XI 


No. or 
FUITJE. 

Carangoolj GaUngula,. 70 

Irrigation Tanks, . . . 71 

Cliumbranibankum Tank, ....... 72 

Kabra Tank Embankment, . . . . 73 

Kabra Tank, ......... 74 

Eoopana Weir, ......... 75 

Weirs at Nya Nnggur, ....... 76 

lliver Inundations, ........ 77 





SECTION VI—BUILDINGS. 


!\r WY of the details of the Conistructiou of JJuildinjs liaYC necessarily been 
n-eateJ of already in the Chapters on Fousdations, Stone and Brick 
\ soNEv, Roofs, i^o. In this Section, irliat remains to be added to the 
sultjecr ivill be treated of niider the heads <if Waia-s, Floors, Roof 
<'“vruiNos, I’lNisiiiNc and Dksignino. 


C IT A P TER XXI V. 

AVALLS. 

1. —The object of carryinj' the foundation of a building 

below Ihe .snrfaeo of the ground is to guard against the bottom of the 
iiiasonr 3 ' being exposed and undermined ; and, whei'e the soil is easily com¬ 
pressible, or loose to obtain a firm footing. It is not essential that rock, 
or very har<l soil, .should be met with. A building maj’^ bo secure even on 
saiitl, if it be carried down sufllciently to be beyond the chances of undermin¬ 
ing by rain, &c., and the s.aiid be not liable to lateral disiiloccment. “Mado 
earth”—that is, soil that has been dug and moved, must always be distrusted, 
•and jirecautions taken proportional to the weight of the building to bo put 
upon it. 

For buildings of ordinary size and height, it is generally sufficient to 
d'g down to a depth, to which the soil is not affected by rain in India, 
and by frost in JSiigland. In compressible soils is sufficient for ordinary 
buildings that the soil should be cfiually compressible. In all cases, 
however, wherein the building varies much in the height, and consequent 
weight of‘particular parts, great care should be taken to adjust the areas to 
be compressed to the corresponding weight of each part. AVTierc tlic soil 
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* anc<i!nal, the softer parts may be crossed by arches abutting on the iiarder, 
and where the weight of the building bears upon points, as in a colonnade, 
a continuous foundation is built with inrcrted arches between each pillar. 
Where the weight is great, and the ground soft, Concrete foms an excel¬ 
lent bed for a foundation when carefully laid; three measures of broken 
stone or well washed road kunkur, to one of good hydraulic mortar, care¬ 
fully and equably mixed, kept wet, and rammed whilst setting, make a 
good concrete; or tho kunkur may be used as in road making, and if well 
beaten will be found serviceable. 

The excavation, on being dug to tlie required depth must, with gi-oat 
care, be made correctly level at bottom, both longitudinally and trans¬ 
versely. 

3, Wlicn the ground to be built on, slopes considerably, in order that 
the foundation at the upper part of the building bo not unnecessarily deep, 
and a waste of masonry be thus caused, the bottom of the excavation 
should be made in successive level steps descending in conformity with the 
slope of tho ground; taking care that the bottom of the foundation never 
approaches too nearly the surface of the ground—thus— 



Correct levels should, therefore, be taken of ground on which a bnildiug 
is to be erected and tho requisite cuttings carefully laid down in section 
to scale, before a spade is put into tho ground; as any mistakes made, 
by digging the foundation too deep in any place, must be repaired by 
costly masonry; any attempt to mend the matter by refilling the trench 
being quite iaadmissiblc, although, unless narrowly watched, those who 
made the mistake will be apt to gloss it over in this manner to the immi¬ 
nent danger of the building to be erected. 

The trench should then be commenced at its lowest extremity, and the 
minimum depth of foundation excavated throughout; for instance, digging 
it 2 feet deep at the lowest point, proceeding at this level horizontally till 
the bottom of the trench is 2^ feet from the surface, then rising by a step 
of 6 inches and proceeding as before. 
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In order to prevent waste of masonry, it will be best that the foundation 
course be of uniform height, say in the present case, feet; on this th« 
plinth is to be built until it shall reach the height determined on for the 
floor of the building, at its highest point above the grdhnd. 

When building in rainy weather, even with pucka masonry, but always 
when with kucha or kucha pucka, the ground to he built upon should 
be thoroughly drained, and earth filled in to a level with the plinth, and 
around it as the building advances, taking care to leave an exit for the 
water, at-every doorway, by omitting a couple of courses of brick under 
every door sill, to be filled in with the flooring, after the roof shall have 
been put upon tbe building. The earth required for filling in the plinth or 
for kuelia mortar, should be dug from trenches, so disposed around the 
building as to*aid its drairnigc, botli whilst in progress and when completed. 

3. The following rules for the construction of ordinary buildings are 
extracted from the “ Barrack Master’s Assistant and Addenda,” a work 
now out of print, but which contains much useful practical information. 

“ 111 choosing a site, particular enquiries should be made of the oldest 
inhabitants of the place, if any taiikK have ever been upon the ground 
and Mibscquontly filled up. Foundations laid upon made ground of this 
nature, invariably sink unless properly Secured by artificial means. 

“ Engineers must recollect that a failure in the foundations cannot be 
admiittm as any excuse for buildings giving way. When they have a choice 
of sites tlicy should take care, by previous enquiry and trial, to selett a 
good one; and when there may be no choice, they sliould take care to 
secure the foundation suitably, as circumstances may require. 

“ If it should be necessary to build on ground that has been artificially 
filled up, the foundation trenches must be carried down to the firm 
ground below, and the walls built up regularly from the bottom, or piers 
may be built up, at iutcn'als, and the spaces covered by arches, the crown 
of which should not ajtpcar above tlio level of the ground when finished. 
Walls of old buildings intersecting the new should not be left, as they 
would prevent the new masonry from settling equally in all places. 

“ If the ground is sound, but very sandy, the foundation should be 
made very brood at bottom, and decreasing by steps to the breadth of the 
wall of ^ich it is the support. If the ground is sandy at top, and good 
clay at a moderate distance underneath, the foundations, should be dug 
down to the firm earth. If, on the contrary, as often happens in the 
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lower parts of Bengal, tlic soil at top is much firmer Uiau below, it shonlil 
' be very little dug into. 

“ Even where a foundation has been dug in apparently good ground, 
a strong wooden beater should be used all along the trench, to detect, by 
sound, any hollow which may be concealed; this precaution is particularly 
necessary where tlxcro arc many white ants. It is likewise a good precau¬ 
tion to pour a large quantity of water into the trench, for the same pur¬ 
pose. 

“In sandy soils any deep excavation near the foundation, sliould bo 
avoided or carefully filled up, as the weight of tlie building will have a 
great tendency to force the sand from underneath, and drive it into the 
hollow. When it becomes necessary to secure the foundations by artificial 
means, a variety of expedients should be considered, and the one best adap- 
ed to the situation, selected.” 

4 , In all cases when the nature of the sub-soil is unknown, a trial 
pit should be sunk close to the site of a proposed building to such a depth 
as may allow the dilTerent strata to be seen; or the earth may be ex¬ 
amined by 

The borer is a large anger made for the purpose, having its shank com¬ 
posed of a great number of joints of moderate leugtii screwing into each 
other, by means of which, the operation may be continued to any depth 
judged necessary; this instrument being occasionally pulled out of the 
grotmd by a gin and tackles, or other convenient machine, always brings 
up in the hollow part of the auger, a spccinien of the lowest stratum of 
soil pierced by it; the persons employed in tliiis sounding for a founda¬ 
tion ought not to stop on finding a hard stratum such as gravel, &c., but 
should ascertain by boring deeper, whether the tliickness of it is suflicient 
to ensure tlie safety of the proposed work. 

Wlien the trenches are dug and the bottom has been thoroughly ex¬ 
amined and tried, should the soil prove generally firm, any looser parts, 
if not deep enough to render a resort to piling or building on piers neces¬ 
sary, sliould be dug up until a solid bed bo got at; this portion should 
then be secured by ramming in small stones or pieces of vitrified brick 
(f/iawa), closely packed together, watered, and covered with a layer of 
well-ground mortar, beaten into the interstices, with a heavy rammer; if 
the depth is considerable, a layer of good concrete may be laid upon this> 
And well beaten whilst setting. 
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Tlio various artificial contiivanccs for obtaining a firm foundation for 
buildings or otlicr structures in bad soil or under water have been already 
treated of in Chapter XV. 

The breadth usually given to foundations is one foot greater than that 
of the walls of the lower story, but more than this may often be neces¬ 
sary in Bengal, where the security of foundations in general depends on 
their breadth much more than on their depth; one foot, or a foot and a half, 
will generally be found sufficient for the latter, if care is taken that the 
soil underneath the foundations is protected from wet. 

5, The Plinth should be diminished by off-sets, not exceeding 3 in¬ 
ches, or a quarter of a brick, on each side of the foundations, the walls of 
the lower story being diminished in tlie same manner from the plinth, and 
80 _ on successively with the several stories, to the top, taking care however 
that the u])pcrmost part of all be not made too weak; walls should be 
diminished by equal off-sets on each side, so that the centre of the upper¬ 
most course may be plumb with ihat of tlie plinth. The inner ledges, 
heljiing to carry the floors, are not seen, and those on the outer walls may 
be covered by a string cour.se of stone, or an ornamental brick coraice, 
encompassing the whole building, whicdi will serve to prevent the ledge 
frfrtii being cither injurious by holding rain water, or unsightly. 

When buildings of no great height arc to be erected on compressible 
soil, and piling is not deemed expedient, hoop iron may be used to aid 
the bond, being built in, with good mortar, just above the fii-st or lowest 
course of briel’s, and may be used at every fourth course to the level of the 
superstructure; this will enable the walls to settle bodily, and prevent 
fissures. 

Care slioufr be taken in all lofty or heavy buildings, especially those 
with vaulted roofs, wherever openings fur doors or windows are intended, 
to throw inverted arches between the piers. This precaution, when the 
building settles, will throw a proportion of the weight under tlie openings, 
and relieve the piers, by which means the cracks in doorway arches, which 
arc so frequently seen, will be avoided. 

Ranges of pillars should always have a thorough continued foundation 
under them, with inverted arches between the pillars; except in very slight 
buildings on a hard foundation, when they may be dispensed with. 

The same precautions are of still more importance in the construction of 
arcades;—when the abutment walls of arcades with scmi-circular openings 
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are narrow, the lower part, or about 30“, of the arch may be obtained by 
corbelling out the abutment into the requisite form, with bricks laid hori¬ 
zontally and their ends cut to form the skewback from which the arch is to 
spring; this arrangement gives a better base to tlie spandril. 

For ordinary buildings, arcades should be preferred to the objeetienable 
style of construction of pillars with wooden architraves, for which flat 
arches may in most cases be safely substilntcd. 

6i Doorways should have double arches over them, oue flat or nearly 
so, and an upper one semi-circular, should there be space for it; if other¬ 
wise, it may be a quadrant or .even a flatter segmenl.; the flat arch is a 
beam of brick-work formed with bricks radiating to a centre', thus contain¬ 
ing a segmental arch, the radius of which may be equal to the breadth of 
the opening. It should rise about one inch in the centre of its soffit or 
intrados, and its extremities should spring from a ])uiiit about an inch above 
the top of the door frame, so that on the piers settling, no pressure should 
be borne by these frames or choJents, which should not, however, be inserted 
till the roof Las been covered in, and there is no fear of extensive settle¬ 
ment. 

/ 7. Thichms of Walls .—It is only when extremely heavy vaults or 
very high towers have to he built that the resistance to ernshiug need be 
considered in the design of a building, but it must always be remembered 
in such cases that allowance must be made for inexactness of hearing sur¬ 
face, and inequality of texture, and tliat at least eight limes the bearing 
surface that would crush under the load must he allowed. 

In architecture, walls are generally more liable to be overturned, either 
partially or wholly, than crushed, and the directions likely to be taken 
by forces having this tendency, under the influence of storufij earthquakes, 
&c,, must be taken into consideration. 

Long walls not supported by the intersection of, or the abutment on 
them of, other walls are evidently weaker, that is, more liable to fall from 
unequal settlement of their foundations, and more easily thrown down 
by storms or other causes than such as are so supported. 

Rondelet, from a vast number of examples of existing buildings, deduces 
a rule that enclosui-e walls of durable materials, that is, of brick or stone 
cemented with good mortar, require a base varying from ith to ^’^th of 
their height for lengths within the limits of ordinary construction; and 
taking this as a maximum, that this thickness at base may bo reduced in 
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the ratio of the cosine pf the angle formed with the ground line, by a dia¬ 
gonal extending from the hottom of one cross wall to the top of the one 
next to it; or as this diagonal is to the base. Tn making calculations of 
this sort fur practice, the nearest quarter or half biick above tbo calculated 
tliiekness should always be taken. 

Ill treating of enclosures of a polygonal form he considers each side 
of the polygon as suppfirted by the abutment of two olbers, but the 
abutment not being at right angles cannot be allowed its full effect, or a 
circular wall, wliich is a polygon of an infinite number of sides, would 
require no thickness. It doubtless requires less than a wall disposed in 
any other form. 

8. h’or eovored buildings, the rule given by llondclct is, that the 
Ihiekness of walls carrying a well tied roof may be -jJ^lh of their height, 
under the tie-beam, multiplied by the cosine of the anglo formed by the 
floor, and by tlie diagonal drawn from the foot of one wall to the top 
of the oppo.sitc one, 

iJiit if tbo walls supporting a roof arc stiffened in any manner, surfi as 
by a lower roof at .">11 intermediate height, as in cburcbes with nave and 
aisle^, bis rule is to lake of the height above the point stiffened, 
added to -pij^th of llie height below it, or which is the same thing ^^^th of the 
sum of the whole height of the wail, and the height of the portion above 
the point stiffened. 

This rule agrees with the dimensions of the church of Saint Paul outside 
the walls of Pi'iue, aud also with those of many other cliurches, measured 
by liondelot. Jl, however, evidently should have a limit, and cannot be 
considered applicable to buildings whose breadth is less than half or more 
than twice the height of the walls supporting the roof. 

And, indeed, although a ytlII constructed roof serves to tie the walls 
by which it is supported together; still as all roofs are liable to deflection 
and derangement from changes of temperature aud other causes, it does 
not seem advisable in ordinary practice to reduce the thickness of walls 
on that account, although the reduction which depends on the support 
given by cross walls may be made with safety. 

9, Rondelet gives examples of lofty churches, in which the main walls, 
although supported in some cases on pillars only, have a base of barely 
.^th of their height. 

For instance the church of Saint Paul is 03 feet high under the tie- 
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beams, biit^the supporling pillars and tliuir snpcrincnmbent \ralls arc 
but 3^ foot thick: they arc supported against falling outwanla by pent- 
roofed aisles, but as the walls supporting the main roof arc of great height 
and length there seems to he a liability to their bulging inwards where the 
pent roofs lean upon them. 

The outer walls which are much lower, bnt which sustain the thrust of 
the pent roof, arc considci-ably thicker; and the area of the whole building 
is to that of its points of support as !) to 1. 

In the church of Siiint Paul's, London, the area is to that of the points 
of support as G to 1; in the round church of Raint Stephen at Rome, as 
18 to 1; and in ordinary Inick bnildings in Ilelginm, it averages about 17 
to 2. 

In many vaulted buildings enormous pressure is sometimes sustained 
by a single pillar, but of course great care is taken in the construction of 
such pillar, both as to material and workinansbip. 

These examples are adduced to show that where both material and work- 
maiftliip are good, there is little liability to crushing, aurl that if walls 
are truly plumb, and no uncompensated thrust upon them is ])cnnittcd, 
very slight walls may safely be carried to a great height. All unequal 
settlements in the foundations must likewise be strictly prevented. 

It must he remembered also that lliese examples arc quite inapplicable 
to walls roughly built with bad materials, especially with such as are liable 
to injury by wet or other causes of decay, .such as sun-<lricd (kucha) brick 
not carefully made or alloAved to become wet cither before or after it is 
built into the walls. Kucha bricks once throughly wotted never recover 
their consistency, but always remain friable and easy to crush. 

Neither will walls of these dimensions bear untied or ill-framed roofe, 
which from faults of design or of workmanship do not rest on their sup¬ 
porting walls as a dead weight. 

Rondelet gives as a rule for the thickness of the walls of dwelling 
houses of several stories, that the inkrnal walls of a house without long¬ 
itudinal cross walls should be ^^-th part of the sum of the breadth 
of the house and half its height; whilst in what are called double 
bouses, the thickness should be ^^th of half the sum of the height 
and breadth, which is much the same as calculating the breadth to 
the nearest longitudinal partition only. For the thickness of partitions, 
part of the sum of the breadth of the space divided by it, added to 



SECTION OF THE CHURCH OF ST PAUL’S 











WAL|j9. II 

the height of the story—for instance a partition 10 feet high diTiding a 
space of 26 feet into two portions, would require to be —^—, or 1 foot 
thick, but as this rule would make the partition walls in the lower story, 
carrying other partition walls above it, no thicker than those in the upper 
story, Kondelet allows an additional half inch for every story which the 
partition has to carry, so that in a six-storied house the bottom partitions 
would be 3 inches thi^er than those at the top. 

lOi As Hondelet’s rules give no scale for the diminution of the thick¬ 
ness of outer walls in each* story; the following will be found to give about 
the same average thickness, whilst the stability is increased by giving a 
greater base for the wall, and placing its centre of gravity lower, which 
renders trifling defects of workmanship less important. 

For buildings divided into stories of heights varying from 20 to 10 
feet; first, take a thickness of i^th ol .^V^h of the total height of the 
external wall, reduce it in the ratio of the base to the diagonal drawn from 
its top to the bottom of tlie opposite wall to which it is tied by roof or 
floor, whether this is an external or partition wall: let this be the thick¬ 
ness of the wall for the lowest story. Calculate the thickness of the walls 
of the next story in the same manner from its floor, the height being of 
course lessened by that of tlie lowest story; and so on for each story 
separately—taking care, however, that the walls of the highest story of 
all are not so thin, as to be crushed or become crippled by the weight of 
the roof, and some allowance must also be made for the force of tlie wind 
• in storms at this height, so that a new cause of weakness being added, 
some allowance must be made to meet it. In ordinary cases, the thickness 
of the wall of the highest story may be made sufficient, by adding to it half 
the difference between its thickness, as found above, and that of the next 
story below it. 

Take for instance a building 36 feet high and 24 feet wide, divided into 
three stories of equal height. 

. By the rule above given, the thickness of the walls of the lowest’story 
will be— 

* 

86 „ „ „ 36 x 24 - , , 

To = 3-6 ~ 

of the middle story— 

24 2-4x24 

To = 2-4 ‘h™ 
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of the Tipper story- 


= 1-2 llicn 


/4 / 


or ollowiiig for weight of roof 


1-2x24 
V l'2»+24* 
1-14-1-7 


= I'l nearly, 


1 - 4 . 


And using bricks 12 X fi inches the walls would, taking the nearest quarter 
of a brick greater than the calculated dimension, be 2 feet, 1-J feet, and 1^- 
feet thick. 

11. Walls are also much stiffened by having a proportion of their 
aTcrage thickness disposed in the form of buttresses; about oiie-eighth 
seems to ho a good proporti<m as in the following diagram: 
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4 x3-}'12x2=1Gx 2^ the average thickness. 

And this aiTaiignicnt is particularly applicable to cnclosunj walls—which 
are likewise much improved in appearance thereby. 

In house or other arclutcctnre, pilasters and panelling may bes used 
to produce tjrc eflect contemplated, which is, will# an etptal quantity of 
materials to obtain an enlarged breadth of base. Italian towers or cam¬ 
paniles arc built in this manner with excellent effect, Itolh in an architec¬ 
tural and in an engineering point of view. 

13. Arches in brick-work are plain or rough, out or gauged, riain 
arches arc built of uncut bricks, and the bricks, being rectangului- in section, 
while that of the arch is wedge 7 sliapcd, the inner or lower angles of the 
uncut bricks should be in contact, and the wedge-shaped voids between 
them must be filled witli mortar: if the arch is of so small a radius as 
to leave large voids, broken brick may be mixed up witli the mortar used 
in filling these interstices; mortar for arches should be more carefully made, 
and thoroughly ground than that required in o-rdinary walling. In con¬ 
sequence of this inherent defect in imcnt brick arches in extensive continn- 
oiis works, such as sewers, tunnels, vaults, &c., it is advisable to make 
them in thin indepeiiden#rings of half-brick or one brick thick, as the 
case may be ; that is, a one foot arch slioidd be in two half-brick arches, 
and a one and a half foot arch in three half-brick arche.s. It is oT-idcnl that. 
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by thiti mode of comitruciioii, a gi'cater quantity of Uie solid material comes 
into the back or outer ring of the arch, than mto the lower one; and if 
they had been bonded together into one arch, all that difference must have 
been made uj) with mortar. 

(Gauged arches ai’o composed of briek.s which arc cut and rubbed to 
gauges and mould.s, so as to form perfectly fitting parts in tlie ai-ch. 
Gauging is not only applicable to arches, as it means no more than the 
bringing every brick exactly to a certain form, by cutting and rubbing, or 
grinding it to a certain gauge or mcasiu’c, so tliat it will exactly fit into 
its j)lacc, as in the finer works of masonry. 

I?!. Wall-iyUites are retjuired to receive the c^ds of all joists, so as to 
distribute the weight c>f the floor or roof to which they belong, equally along 
tlio walls. Jf the joists rested singly on the naked bricks, their tliin edges 
would crush those immediately nndor them, liiutcls are sometimes used 
»)vcr square-headed windows and doors, instead of arches in brick-work, 
when required 1o ])roserve the square form and receive the joiner’s fittings, 
but they should always liave discharging arches over them, and should not 
tail into the Avail at cither -end more than a few inches, in order that the 
discharging arch may ftot be wider than is absolutely necessary. If, how¬ 
ever, discharging arches bo not turned over them, the lintels should tail in 
at each end considerably, and hav8 templates pr wood-bricks running right 
through the wall placed transversely under them. Flat arches should, how¬ 
ever wherever possible, be preferred to lintels. Discliarging arches should 
be turned over the ends of beams. They tnay generally be quadrants of a 
circle, or even flatter, and should be turned in two or more half-bricks over 
doors and windows, and other wide openings, but over.tlic ends of beams 
they need not be more than a half-brick thick. 

U, Wooden bricks arc used to prevent the necessity of driving wedges 
in^o the joints of brickwork to nail the joiner’s work to. They are pieces 
(if timber generally out to the size and shape of a brick, and Avorked in 
as bricks in the inner face of a Avail, whcrc^it is known that the joiners 
will have occasion for something of the kind. Punkahs, and the requisite 
arrangements for pulling them, wall shades, accoq^ement pegs, shelves, 
and all fittings should be carefully provided for in the Avorldng plans of 
all buildings'requiring them. • 

15 , Chimneys .—Not the leAst important part of the bricklayer's art is 
the formation of chimney and other flues. Chimney flues ait plastered or 
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pai^etted witb a mortar in whicli a certain proportion of cowdang is mixed, 
rrhich prevents it from cracking and peeling off with the heat to which it is 
exposed. Experiment has proved that a tapering and nearly cylindrical flue 
of a small bore is the best for carrying away- smoke. Of course, too, the 
bore should be reg^ated by the size of the fire-place, or rather by the 
quantity of smoke to which it is required to give vent. In laying out the 
fire-place all the lines should converge towards the throat of the chimney, 
which should be contacted, and immediately over the fire, because as soon 
as the sides of the throat are heated, air begins to ascend through it. The 
flue shoiild widen out again above this contraction. 

Plastering has been already treated of in Arts. 103 and 228, et seq., and 
the Coloring of Walls in Art. 141, Vol. I. 



CHAPTER XXV. 

FLOORS. 

16 . Brick-on-edge Floors .—^These should bo very carefully made. In 
the first place the ground should be truly levelled, (or, if the floor is in¬ 
tended to have a slope, made parallel to it,) and thoroughly consolidated 

• 

bj being well rammed. On the surface*so prepared, which should be 1 
foot 3 inches below the intended leA'el of, the floor, a layer of dry sand 
3 inches deep must be spread, as a preventive against damp and white 
ants; on this two courses of bricks are laid flat, and set in mortar; this 
will leave 6 inches for the uppermost, or brick-on-edge, course. The best 
shaped and burnt bricks should be picked for this course; their surfaces 
which are to be placed in contact should be rubbed perfectly smooth so 
that they may be laid ^bite close to each other, with merely a thin joint 
of the finest cement between them which should be thoroughly well ground; 
care should be taken that the workmen covers the rade of .the brick last 
placed with mortar before he places the next one against it. When finished 
the joints should be carefully filled in with a little chunam and water. 
When the floor is not required to be very solid, one of the courses of 
brick flat is omitted^ The bricks-on-edge are usually laid in parallel rows, 
breaking joint, but sometimes in herring-bone bond. 

The practice of covering brick-on-edge floors with a thin coating of 
terrace is objectionable; it seldom is of sufficient substance to be lasting, 
and native workmen are, chiefly desirous of using it for tlie purpose of 
concealing coarse work. If the floors be made as above directed no 
terrace can be required. 

For brick-on-edge floors, small bricks have been recommended, but if 
large bricks be lised there will be fewer joints between them, and 12-ittch 
bricks may be very well burnt if proper care be taken. 
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17 « The above description of floor is recommended for Store rooms or 
Qodowtis, on which heavy weights are likely to be placed, but for eutcher- 
ries, jails, hospitals, cook-rooms, &c., &c., substantial Paving Tiles 15 or 
18 inches square, and 2 or 2^ inches thick arojponsidcred preferable. 

When paving tiles arc used for floors they should be correctly squared, 
and their edges trimmed, that they may be laid with precision and tlieir 
joints made as fine as possible. They are laid on the same,foundation 
as Uie bricks-on-edge, and afterwards neatly pointed with tlie strongest 
cement. Their surface of course must not be rubbed, as it would destroy 
the glaring of the tiles. 

When Flag Stones are procurable, they are, in many cases, to be pre¬ 
ferred to any of tlic above descriptions of floor, as being more durable 
and less easily injured; but care should bo taken to avoid those descrip¬ 
tions of stone which imbibe and rejain moisture. They are laid in the 
same manner as tiles. * 

IS, Terraced Floors depend for their excellence on tlie goodness of the 
mortar, and-the care taken in beating it. The process in the Upper Provin¬ 
ces is as follows:—First, the ground is-prepared and sand laid as with the 
otlier kinds of floors; then knnknr or broken brick with a little thin mortar 
poured over it, and well beaten; then a layer "of a good building mortar of 
fresh kunkur, lime and bujree, or of stone lime and soorkbee, to be kept 
thoroughly wet, and W'ell beaten by light hand rnallets {thajipees), till the 
mortar is set; the soorkhec mortar will require most labor. If the mortar 
has been well ground, one layer of 4 inches thick, beaten dowi^ to fJ 
indies will suffice. This process of beating will bring a large proportion of 
lime and the other finer particles of the mortar to the surface, which, when 
the beating has been carried far cnongb, may then be rubbed smooth ; and 
before it is allowed to dry completely the surface may be enamelled ivith fine 
lime, laid on with a brush and polished with a trowel. Tlie greatest care, 
must be taken to allow no part of the work to diy' from its commencement 
till it is finished, especial care being taken at the joining of different day's 
work to blend them so thoroughly that the lines of juncture shall not be 
discoverable; covering the work with a thick layer of wet sand as soon as 
the surface is set, is a good plan to keep it moist. 

This is the practice in the N. W. Provinces.' In Bengal, however, the 
method is different. There the terrace is not composed of mortar, but of 
brick broken to small pieces so as to pass through a ^-inch ring. This i'j 
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spread (I indies tbidj, ou a single course of bricks laid flat immediately over 
the aand, and mixed with a certain proportion of dry lime ; when this has 
been tlioronghly mixed, waterds added, and the whole raked np and turned 
over by men with phonrahs; tbe surface is then carefully levelled off to the 
correct slope with long straight edges, and then the whole is beaten with 
mallets till it is reduced to two-thirds its original thickness, and the sur¬ 
face becomes nearly smooth; when n layer of mortar three-eighths of an inch 
thick is laid on ivnd also beaten. The surface is finished, off by a i-cry thin 
layer of lime laid on moist, and well rublaid in with a good deal of pressure. 
It is of the greatest importance that the whole work be kept moist until 
complete, and when finished, be covered ^\ith matting or otherwise protected 
from the si^, and oecasionally moistened so as to prevent its drying too 
c|iiiekly. 

T(*rraci‘d floors though veiy common and well adapted for private houses, 
are not suitable, for public buildings, as they soon get broken from the 
^ wearing of feet, and are very difficult to repair. A brfck floor i.s in every 
way to l)e preferred for siu-li buildings. 

19. Jt is greatly to lie regretl,ed that a sy.steniatic attempt has not been 
raadt ',^0 introduce the manufacture of Colored Tiles into this country, so 
.admirably .•idiipted for floors of all sorts, from the plain colors which are 
suited for Churches, Barracks, Tlourt-houses, &c., to the beautiful encaustic 
patterns which would answer so well for private houses. 

(jlazcfl Tiles of several colors arc however made at Moolton, Delhi, and 
a few other places, which are used fpr Hallk, Churches, Verandahs, tfec., but 
the glaze is objectionable as apt to chip off and as being too slippery. 

fn a damp climate, such as Bengal, where .'special precautions are 
reqnisite to j>revent moist,urc from rising out of the, ground, Macs are some- 
iimc.s formed under the floors by means of walls from 0 to 12 inches apart-, 
and of about tlie, same height and Tliickness; these flue,s should be well 
plastered throughout, and built of the hardest biiek procurable. Their ends 
should also be carefully closed by iron gratings to prevent their being inha¬ 
bited by vermin. 

Hollow earthen pots or drain tiles may also be used under tlie floors, but if 
salts are preteent, their crystaJlizatiou will soon destroy the pottery. 

31, Aaphalte^ or rather asphaltic cement, makes an excellent floor; 
the best is that in which the limestone is found iiuprcgnaU'd naturally 
with bitumen, and is in* England called Heyssel asphalte, from the place 
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where that fii^t imported into England was quarried; the proportion in it 
of calcareous matter to bitumen is as 83 to 17, and the amalgamation is 
more perfect than in the cement composed of bitumen and chalk or pow> 
dered lime stone, made in imitation of it. 

In using the natural asphaltic cement, it must bo ground to a fine 
powder, sifted, then mixed with about one-fifth of its weight of pure 
bitumen, and heated in an iion boiler, taking care to stir it well the 
while,—when thoroughly mixed and of a proper consistency, it is ladled 
out with an iron spoon, and is spread on the floor, of the thickness required, 
in rectangular iron moulds (which should be as thin as possible consistent 
with strength) without bottoms. These moulds having been previously 
smeared over with a thin paste of loam, are then removed an(%the process 
repeated by placing them close alongside of their former position. The 
narrow joints left must be filled with hot composition, pressed in and 
smoothed over with a hot soldering iron. TJre states tliat boiled coal tar, 
and thoroughly dfied limestone, chalk, or even brick-dust in powder 
answers equally well, but it may be doubted whether, though probably effi¬ 
cient and almost everywhere procurable at a much lower cost, any freshly 
made compositions can equal the natural cement in resisting alteration from 
extremes of heat and cold. 

The natural cement has likewise the advantage of being less inflam¬ 
mable, in consequence of the bitumen being more thoroughly amalgamated 
witli the uninflammable* basis of the composition than in the factitious 
cement. Loudop, in his Encyclopaedia of Cottage Architecture, gives the 
following recipe,—Take 18 parts mineral pitch, 18 parts resin, pat them 
into an iron pot to boil, taking care that it does not bum; then sti/in 
60 parts of sand, 30 of small gravel, and 6 of slaked lime. These mate¬ 
rials should be thoroughly ^ry. Two inches is a sufficient thickness for 
ordinary floors. 

23, The composition used in this country by Professor O'Shaughnessy 
for the protection of telegraphic rods, laid under gronnd, consists of 120 
parts (by weight) of pure resin (American) and '300 sand ; it has been 
recommended for the lining of cisterns, and other building purposes, and 
the following is Dr. O'Shanghnessy’s description of the manner of using 
it for coating floors, dstems, &c. 

The resin is melted in an iron vessel, the Ba.nd stirred in (uvd well incor¬ 
porated with an iron stirrer, and the whole poiired when of the consistence 
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of tr^le. Great care mnst be taken to prorent the resin from taking 
fire, or charring by too prolonged or too high a heat. 

The cement thus prepared may be cast into bricks or tiles, or fioared on 
floors or roofs or on planked flooring, to all of which it firmly adheres. 
Joints m-e readily and securely mode by pouring a little melted resin or 
pitdi into the line of juxtaposition of the bricks or tiles, and cracks are 
filled np in the same simple way. 

A tile of this kind 12 inches square and inches thick, weighs 387 
tolas. If carefully prepared, this cement is totally impermeable to water, 
and is not affected by the fiercest solar heat. It withstands dead pressure 
better than coinmon bricks or tiles. 

Tlie composition is brittle, so that for roofing or flooring purposes, it is 
reiy much improved by slips of bamboo being inserted in it while soft. A 
very coarse Dumiah mat placed on its surface while still soft is a great im¬ 
provement to it for flooring purposes, and if used in a thoroughfare, a thin 
layer of ’sand or road dust laid over it while hot will be found to preserve 
the surface from abrasion. It need scarcely be pointed out, that notwi^- 
standiug the unquestionable and remarkable advantages derivable from the 
use of this cement,* it is open t* the very serious objection of being dan¬ 
gerous in (.-OSes of firfi. 

Tlie ordinary cost of resin is Rs. 2 per mauud. At this rate, not 
including the slight cost.of fuel for melting, and the labor of preparation, 
this cement cost Rs. 7-8 per 100 superficial feet of 1^ inches thick, and 
price of sand not included, would cost Rs. 0-7-7 per maund of 80 pounds 
avoirdupois weight. 

33, In the greater part of India timber is so expensive and so man/ 
causes are at work to destroy it that Wooden Floors, so common in 
England, are rarely used, except in the Hill stations. In houses of more 
than one storey they are however almost indispensable for all but tlie'rooms 
on the gnmnd floor. The xJ^ks are nailed to joists which rest on tim- 
l)erB stretching from wall to wall, which arc seenred to wall plates in the 
masonry, as jn the case of a flat roof. 


vob. tt. 



CHAPTER XXVI. 

ROOPINQ.—FINISHIN'Q. 

Tkb Constrnction of the flat 'or sloping timber snpports commonly used 
for roofs having been already treated of under the Section Carpsntbt, it 
remaius to give farther details of the Roof Coverings employed, and to 
add some account of the Iron Roofs which are now so extensively used both 
in India and England. , 

S4. The coverings of flat roofs are various. In the Punjah, one of 
tlW9 most usual consists of a course of bricks or flat tiles, or^slabs of stone, 
united by lime mortar completely closing all the seams, and above the 
bricks a layer of earth, 3 to 6 inches thick, well beaten'down. This makes 
a good roof; but to ensure its being so, the earth must be both prepared 
and applied with much care. As for brick-making, so also for roofing, it 
must not be a hard stiff clay, which soon cracks in the sun’s heat, nor a 
loose sandy soil which rain will readily penetrate. A good brick-earth 
makes a good roof oovering. Such roofs require frequent beating to con¬ 
solidate the layer of earth. This is termed a Kucha-Terrace roof. 

As a bed for the covering of earth, a layer of the reeds, called surkundaj 
laid down over the horizontal rafters in small bundles tightly bound and 
closely packed, may be used instead of bricks. This is a convenient and 
economical method, the material itself being cheap, the wood also not 
requiring to be laid so close as for bricks; and where the clay is good, 
and the roof not liable to be attacked by white ants, it is found to answer 
well. The small twigs of a common jangle shrub, called scanbhdloo or 
samdloo, are successfully employed as a sabsiitute for surkundfl^, and there 
are many other straight branched shrubs and trees, as jhdo (tamarisk), and 
such like, which may be similarly used, 

85* To get rid of the chances of failure finna the use of unsuitable soil, 
as well as to avoid the imsighlly defacement of the outer walls caused by 
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the discharge of muddy Trater firom the roof after rain, the earth is often 
dispensed with, and the Vhole upper surface of the roof plastered. The 
prevention of leakage may be farther secured and the coolness of the 
building promoted (at the expense of additional weight upon the beams) by 
a second coarse of the bricks or tiles laid over the joints of the lover 
course. This roof is known as a Pucka Terrace roof and its construction 
is very similar to that of the terraced floor. The room to be roofed having 
been covered with beams, of size and interval between them calculated for 
the weight to be borne, these are again covered at right angles by small 
joists or battens, called hurgaM, usually about S* X 3 inches in section. 
They are laid 12 inches apart from centre to centre, so that the bricks laid 
across them, to form the substratum of the terrace floor, may just butt 
against each other. Where flat tiles about 1 foot square and from 1 
inch to inch thick can be obtained, they arc preferable to bricks, but 
two layers of them must be used, the first laid square across the burgahs 
and the upper set breaking joint with them diagonally or otherwise, and 
with a thin joint of good mortar between them. The terrace is then laid 
over this in the same manner as in terraced floors, particular care being 
taken that sufficient slope is given to the surface to carry off rain water 
quickly. This is generally done by m additional thickness of terrace at the 
centre, to avoid the unsightly appearance that beams laid with a slope would 
have from the interior, but in godowns, barracks, &c., where appearance is 
not of such consequence, the requisite slope should be given tp the beams 
and the terrace be made the same thickness all over. At the junction of 
the roof-covering with the wall, the terrace should be lapped over the upper 
surface of the latter at least 6 inches ; the parapet being carried up after¬ 
wards if necessary, on the top of this. 

Three layers of tiles Itud to break joint, the upper layer being covered 
with a thin coat of plaster, well polislied and oiled, forms a very durable 
flat roof, and possesses the advantages of being more quickly made and 
lighter than a terrace-roof. 

The following is a receipt issued by Caption Glover, to officers on the 
Western 9umna Canals, for filling up cracks in pucka roofs to which tiiey 
are very liable. Linseed oil i&a 2 seers. Besin ('dAdna or rdf), 
2 seers. Pumice stone (jh&maf 1 seer. . “ Boil the oil, and then, having 
first pounded it very fine, mix the rerin well with it, and bust of all the 
pnnuce stone, also pounded very fine. The cracks should not be disturbed 
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or dog out wililli the trowel, but the liquid mixture poured iu and then 
merely smoothed over the sui&ce.'* * 

S6« To overcome the difQculty of obtmning timbers for roofs of a largo 
span in this country, many substitutes have been tried, such as the Syrian 
and Sind tiled roofs, described in Chap. XIV. 

A new kind of roofing has also lately been introduced, whibh appears 
well adapted for ordinary building purposes. This consists merely of an 
Arch of one ring of brickwork, starting from two metal or wooden wall- 
plates or skew-backs built into the wall, the outward thrust being met by 
iron tie-rods running from wall to wall, and securely fastened into the wall 
plates. Mr. W. Clark, Engineer to the Calcutta Municipal Commissioners, 
the patentee of this invention, has roofed a workshop of 40 feet span in 
this maimer, with an arch of 6^ feet rise, tied by double rods 1 inch in 
diameter and 7 feet 9 inches apart, at a cost of 12 annas per square foot. 
His wall plate he forms of two strips of boiler plate iron arranged thus 
|a, one vertically and one horizontally; the vertical one being on the 
inner side; built into tbo wall so as to prevent their buckling. ** Tlio 
ends of the tie-rods are foimcd into loops into which the horizontal plates 
ore passed; the tie-rods pass through holes made in the vertical plate; 
against the* latter the bricks are placed on end,'* and the skewback is so 
arranged as to bring the centre of the thrust on the.edge of tlic horizontal 
plate, through which it is communicated to the tic-rods.” In places where 
iron plate is not obtainable the tie-rods might be bolted through an ordi¬ 
nary timber wall-plate, or through a solid stone, as has been done where 
that material is plentiful. By filling in the haunches above* the arch, floors 
may be made'on this principle. Arched Soofs, with or without iron ties, 
have been largely used in the East India Railway Stations, and other build¬ 
ings in Northern India. They are 4«rable and water-tight, but are said to 
bo hot. 

87, Sloping or pitched roofs are generally covered with thatch or tiles, 
in this country. For Tiles, a slope of about 27® is recommended. What¬ 
ever description of tiles be used they should be bedded in mortar or cement. 
A layer of flat tiles imdcmeath the ordinary tiles of the country will gene¬ 
rally be found to ensure a water-tight and comparatively cool roof, but it 
of course adds much to tho weight. In all tiled roofs the eaves require to 
btf very carefully and strongly constructed, as the displacement of the eavo 

• gee Oalcutte JiasisAr'* Journal, Aug. 3td and Nm'cmbcr ISth, ISSO, and lot Ootober, ISCl. 
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tiles is otherwise a constant source of trouble and expense. Tiled roofs 
should be protected by gable-cnds to prevent wind getting underneath 
and shaking the tHes. 

28, Goodwyvt's TiUd Roofing has already been partially described in 
para. 50, Vol. 1., where a drawing is given of that construction. The 
following additional details arc taken from a report by the late Captain 
Sharp, Exec. Engineer, Mean Mecr. 

Deodar battens, 3x2 inches arc nailed on the purlins at twelve inches 
from centre to centre, on which arc laid twelve-inch square tiles, two 
inches thick, well fitted, ccincntcd at the joints, and pointed imdemeath; 
a layer of good mortar about one and a half inches thick il then laid, in 
which the pan-tiles are well embedded at regulated intervals, which arc 
filled up with mortar, and over them the ronnd tiles carefully fitted and 
set. The eaves terminate in a masonry comice, as shown in the figure, and 
the ridges are covered in with round and flat tiles, expressly made for the 
purpose; gable ends have been adopted as better suited to this description 
of tiling; the slope of the roof 28“. After the tiles bad been laid the joints 
were carefully i>ointed, and the roofing kept well wetted during its construc¬ 
tion, and for ten days afterwards, by means of watering pots used from the 
ridge of the building, not in a stream down the roof, but merely sufficient 
to keep tlie whole saturated. 

f 

(1) Wkioiit of Tiliko pkh square foot. 


One square Ulr, 12 X 12 x 2 inches, - - - 19 

One pan-liie, - - - - - 6 

One round tile, - - - - - 4 

One and a half inch of mortar, - - - . 12 

Total, - 41 


(2) Detail op Labor and Materials per 100 square feet. 



Labor. 



R. 

A. 

p. 

ifaloriaU, 

IL 

A. 

V. 

i 

Mate mason, @ 

As. 5 

0 

2 

6 

100 Square tiles, @ Bs. 25 - 

2 

8 

0 

10 

Masons, 

it 

4 

2 

8 

0 

; 110 Fan-tiles, 1 

3 

4 

0 

i 

Grammie, 

tt 

2} 

0 

0 fO 

110 Bound tiles, 1 ” 



2 

Bheesties,. 

» 

2i 

0 

5 

0 

26 Maunds of kunknr lime. 




i 

Carpenter, 


4 

0 

1 

0 

@ Ra 15 per 100, - 

3 12 

0 

i 

Mate coolie, 

If 

2J 

0 

1 

4 

2| Stone lime, @ Bs. 1, - 

2 

8 

0 

14 

Coolies, 

tt 

2 

1 

12 

0 

Scaffolding, &c., 

0 

6 

0 

1 

Coolie, 

n 

n 

0 

1 

6 






Establishment, 


0 

2 

6 







Total Bs., 

C 

2 

7 

« Total Bs., - 

12 10 

0 
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* 139. Atkinsoa't Tiled Roofing. —Atkinson’s pattern consists of two 
layers of tiles, the upper being Italian pantiles, laid in cement over cylio' 
drical tiles. 

(a.) The (^lindrical tiles to be 12 inches long, 4 inches external dia¬ 
meter, and half inch thick, fitting one-half inch into each other, with a 
shoulder and socket joint; a lip, to rest on the timbering, to be 4'aised 
on at half ail inch from the shoulder; two holes of half inch diameter each, 
to be pierced through the tile in line with the lip which is on the lower 
side of the tile. 

_ * 

(&.) These cylindrical tiles being laid close, with their axes up the 

slope of the roof, are to be corered with coarse mortar or fine concrete to 
a depth of one inch, and in this, while still wet, will be laid Italian pan¬ 
tiles. 

(c.) The pantiles are to be 12 inches long and 12 irches wide over all, 
and not less than half an inch thick. 

(d.) The mortar in which the tiles are laid is to be drawn up, so as to 
fill the curved roll which overlaps at the vertical joint. 

(e.) The lower edge of each pantile to overlap 3 inches the tile below 
it. A lip to be raised on the under side of each tile to rest against the 
lower tile and prevent slipping. 

30. Of all roofs a good ThcAch is the coolest and driest. In England, 
thatch is made of untlireshcd straw or occasionally of reeds; in this country 
of long grass* laid on a frame work (j&fari) of small bamboos placed over 
the wood-work of the roof. This jafari is made on the ground, of whole 
bamboos laid in a lattice form like trellis-work, with intervals of about 6 
inches, over which split bamboos are fastened about 2 inches apart, the 
whole being tightly secured with string. Over this jafari is laid the grass 
in layers 3 inches in thickness; the first layer being generally attached 
before the jafari is placed on the roof. 

Thatch ought to be at 'least 9 inches thick and varies from 6 to 12 
inches, requiring a fi'esh coat of 8 ox; 4 inches in thickness every three 
years. The grass is bought in bundles called poolas\ which are broken up 

* Tba beBt gnu 1b that which bends esBily wlthoat breaking, being wiry and flexible, 
t A poola is a bundle generally about 6 Inobu in thibkneu, tightly bound; but there den net 
nem to be any very definite msaaore of ito bulk. It is laid to be as much as can be grasped by the 
two bsnds, lepentoly, and weighs from eight to twelve chlttBckB,bnttbspootovarinaonm^ln 
diflevent diatriete that it Is wen to purbhasa It fay the 100 ■upeifltisl feet, so aaay bKhw thick. Of 
MWh poolM, aiBoot 830 are j«qaind for each 100 feet. 
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and spread fiat between two pieces of split bamboo. The thicker or lower 
ends of the grass are dressed evenlj to one line, and the grass ita its posi¬ 
tion on the roof lies with these ends towards the eares. These bundles 
are then fastened to the bamboo frame-work, beginning from the eaves 
upwards; and so overlapping each other that tlie small pieces of bamboo 
which keep them in position are not seen from the outside. All along 
the eaves, larger but round bundles of grass are placed, the lull thick¬ 
ness of the thatch. * These like the others have their thicker ends down¬ 
ward, and are packed as tightly as possible. The ridge of a thatched roof 
is generally bound with a roll of sirkee laid horizontally. The same is 
occasionally done under the eaves. 

For thatched roofs, a pitch or inclination of 35® is recommended, but 


that obtained by making the rise in the centre three-quarters of* the 
/V half breadth of the building, is found to answer well. 

\6 This rule is further convenient as it facilitates the cal- 
/ \ dilation of the superficial area of the roof; the breadth 

4 4 of the sloping side—the hypothenuse of the right- 

angled triangle—being then five-fourths of the same base or half breadth 
of the building, with the addition of whatever projection of eaves may be 
desired. 


The following Specification for Thatched Roofing, as used in the AllS' 
habad Circle of Public Works, may be found useful:— 


Orassiity .—The several descriptions of grass roofs are to be well and closely tied, 
laid in one, two, or three layers according to circumstances, and in such manner as 
the Executive Engineer may direct. 

The quantity of grass, bamboos, and string to be used will in a measure depend on 
the description of each procnrable in the market. 

Grass bundles of the ordinary size of Gurrur grass, from 100 to 160 bundles per 
inch of thickness, per 100 superficial feet of roofing, will be required, and about 2S 
bamboos (ordinary Pillibheet) and 8} seers string (ban) to each layer of the coating. 

The grassing of a roof will not be considered properly executed if it sink more 
than one-eighth of its thickness with the weight of a man-standing on it 

Where the thickness of grassing is to exceed 8 inches when finished, it wjfl he Iwd 
on in three layers. The first not exceeding one-third oPthe whole thickness may, if 
ordered by the Executive Engineer, be of aurputm khasta, or other reed or coarse 
grass, and it may be, in the first instance, laid loose on the roof and tied tightly down 
with battens not more than 9 inches asnndcr, the ties at not greater intervals than 
9 inches. Thp second and third coats to be always of Gurrur grass made up into tat¬ 
ties on the grjj^d ; each of thickness sufiElcient to form one-third of the finished coat¬ 
ing, the gnus closely packed and tied with two battens below and two above, with ties 
at intervals not greater than 18 inches, each layer of tatties to be separately hud and 
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tied on to the roof tioa at not greater intervals than 9 inches. The whole surface 
of the finid^ed-roof to lie evenly without rises or hollows. 

Where the thickness of grassing is to be less than 8 inches, it may be laid on in two 
layers} both will be of Gnrmr grass laid as specified for the upper two layers above. 

The bundles arc to be of the full thickness of the grass coating, evenly and tightly 
hud, cat off squarely and neatly and perfectly straight., o 

Where the renewal of top coat has to be executed, the old top coat will be entirely 
removed. All hollows will be made up evenly with fresh grass laid und« the battens 
of the lower coat, to which new ties wherever required will bo g^ven, and the top coot 
of hew grass well then be laid on os above. * 

31. Tiles arc somctiinea Itud over thatch. If vtry carefully done, and 
the layer of thatch be thin, it may answer, but experience is much agsunst 
the combination; the thatch decays, the tiles subside, and the roof ceases to 
answer its purposes. It protects the thatch from fire somewhat, whilst the 
that^ so long as it is good, ensures the tightness of tlie roof, a difficulty 
with tiles. • 

33. A terrace roof may also be laid over a truss as well as .over flat 
beams, when the pitch is not too great. Purlins about 4x3 inches may 
be laid from rafter to rafter, at 1 foot apart, or they may be laid at inter¬ 
vals of 3 feet wltlt a greater scantling, so as to support battens 12 incites 
asunder. In either case square tiles .(12 inches square and 1^ inch thick 
are laid in cement on the woodwork, as in the case of Goodwyn’s tiled 
roofs), and 3 inches of plaster well beaten may bo Imd over them instead 
of the round tiles. This makes a light and durable roof, but it is hot and 
apt to leak. 

Lead and Zinc in sheets are sometimes employed as a covering for roofs. 
The lead weighs from four to eight pounds, and the ainc from twelve to 
twenty ounces, per superficial foot. Slate is also in use to some extent as 
a roofing material in the hills. 

33. Planking, with tarred scams, is a veiy common roof covering in 
the Himalayan hill stations. It requires to be made in the most careful 
manner, and of the most thoroughly seasoned wood, being exposed to very 
trying Atemations of tei||>erature, as well as of dryness and moisture, and 
exceedingly liable accordingly to warp and crack; the inconveniences of 
which only become known when the rainy season sets in, or when the roof 
is covert with snow, at which times repairs are not easily effected. The 
planking is sometimeB covered with sheet-iron, but corrugated sheet-iron, 
galvanised, might well be substitated and is daily coming int<f*hso in India 
especially for coverings for godowns, open sheds, &c. 
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84 . Shingles, wliich are rectangular pieces of plank applied in the 
same manner as slates, are likewise much employed in the hills for roofing. 
English deal packing cases, beer chests, «&c., are not uncommonly cut up 
for this purpose, the wood being well seasoned, and the boxes seldom fit 
for other uses. 

Another material used for tlic roof covering of hill-houses is the com¬ 
position called Oropholite. It is made of sharp river or pit sand and 
chalk, witli a admixture uf litharge, all finely sifted and made into a paste 
with linseed oil. This is spread on one or both sides of any kind of com¬ 
mon coarse cloth, so as to form when dry, a sheet about three-eighths of 
an inch thick. The sheets when prepared are hung up to dry, and are 
then applied in pieces of such size ns may be found convenient, 

35,^ Jron Itoofs .—Under the section C.^kpenthy, various trasses were 
described of iron and timber combined. It remains to say something of 
Iron Roofs, as that material is now so much employed both for the trusses 
and the roof covering. 

Iron Cirders may be used in place of beams to carry flat roofs; and 
they may be of cast or vvrought-iron, though the latter are now almost 
universally employed as lighter and not liable to break suddenly, though 
more expensive. They arc usually made of this shape I, the upper and 
low'cr flanges and web being composed of one or moiv, thicknesses of boiler 
plate, strengthened at the corners by angle iron, the whole connected by 
rivets. Of the strength of such gij-ders'and their reciuisito section to bear 
a given load, si.unething lias already been said in Arts. 190, el seq., and 
more will lie said further on when we treat of the application of Girders to 
BuinoES. Tlie fomiuloe in Art. 198, may be used in calculating their 
strength, or the following, which is more generally useful, S = r—jr where 

o XI 

S = sectional strain on centre of upper or lower flange in tons, i 
Jj = clear span of girder in feet. 

W = uniformly distributed weight to be supported, 

D = depth of girder in feet. *■ 

The safe maximum strain on the flanges is usually taken at 5 tons 
per square inch for wrought-iron, and the depth is generally made one- 
twelfth of the clear span. So that for any given load and span, the 
requisite sectional area of iron may be readily ascertained. 

For estimating the weight of such girders the practical rule is —Ten 
times the sectional area in inches gives the weight in lbs. per lineal yard. 

VOL. II. JB 
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When large spans are to be covereil in, the girders may be made 
tnbolar as in the case of bridges. 

The superstructure of girder roofs is various. {Smaller cross-girders 
or wooden beams may be used, to cany square bricks and a layer of 
beaten terrace as already described. Or small brick arches may be turned 
between the girders; this is a kind of roof that has lately been much 
employed in Upper India as very strong and durable. 

36t Sections of some roof girders lately matlc at the Iloorkee Work¬ 
shops, are shown in the annexed Plate. 

No. 1. Shows girders for a roof 20 feet and 15 feet span ; the number required for 
a room 20 x 20 feet is two, with tour tie-rods, and four washer plates ; and tlie total 
cost Bs. 215, or Ks. 0-8-9 per square, foot For a room 15 x 20 feet, the same 
number of girders and ties would be required ; the cost would be B.s. 120, or Jis. 0-0-.5 
per square foot 6^ 

No. 2. Shows girders for a room 22 feet spun, tlirce girders and tie-rods aiv re¬ 
quisite for a room 22 x 22 feet, and cost Bs. 334, or Bs, O-ll-OJ j)cr squnri' foot. 
The verandah girders are placed 0 feet apart, and cost jUsr .s(^arc foot of room 
covered Its. 0-9-6. Tlfc girders in drawings, Na-^. 1 and 2, luii intended to have brick 
arclics between them, springing from the lower flanges. 

No, 3. Is fully explained by the different sections shown, the top flange supports 
a heavy brick arch, and to the bottom flange a ceiling of 3-iiich sal phinking is at¬ 
tached. The total cost is Bs. 7,000, or Bs. 2-10-5 per square foot. 

37t Iron Trusses are usually made of single or double angle-iron, 
the various parts being bolted together and rod-iron being often .subsli- 
tuted in the suspending pioce.s. Purlins of angle-iron or timber purliii.s 
are usually bolted to the rafters, on which a covering of Tiles, Terrace, 
&c., may be laid iu the usual manner. Corrugated Iron is also much 
employed in such roofs, but it is too hot for buildings unless laid over 
some good non-conductor of heat, such as planking or felt, and both these 
are perishable ; for stores, workshops, &c., it is however excelleni/. 

The strength of tlie several parts of an iron truss may be calculated 
in the same way as has alvady been explained for wooden trusses, using 
of course the proper co-efficients for iron wlietber in compression or 
tension. 

38. Some drawings are here given of Trasses lately made up in the 
Roorkee Workshops. 

Na 4; Shows a corrugated galvanized iron roof on wrought-iron principals, the 
area of the room that it covers is 1,2(50 square feet, and the cost fixed, Bs. or 
1 rupee per square foot 
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No. 5. Is a design that was got out for Canal chowkies ; it was circulated amongst 
the Canal OiRcscrB, and resulted in orders being given for the iron work of two chow¬ 
kies. For the roof of a room 20 feet square, three principals are required ; which, at 
Ra 28 each, is Rs. 84, or 3 annas 4*3 pie per square foot. 

No. 6. Was got out for the roof of the Scientific Hall, Allyghur. The price of 
each principal is Bs. 80, and the cost for a building 30 x 00 feet would be at the rate 
of 6 annas 4'B pic per square foot; if the angle iron purlins arc used, the cost of them 
and the principals would be at the rate of 14 annas 7 pic per square foot. 

39, Annexed is a plan showing details of the roof of the new Custom¬ 
house at Kangoon: the calculations for strength and weight are given, as 
a useful example. 

Columns for Upper Story to support Roof. 

l.'i V JO 

Weight of Roof .—Bearing beams 1 X 11' X —— X 4C'61 = 334 07 
Cross do., 2 X 10' X ^ X 40-61 = 368-41 

144 

Joists, 18 X fii X X 40-61 1,436-1» 

Terracing and flat tiles 11 x 10 X 66 = 7,150-00 


Total dead weight on each column, 8,585-10168. 

Tx;t W = breaking weight for long columns by llodgkinson’s formula = 44-34 
D»-» _ <p-« 

, D being external diameter = 4 inches, d internal diameter = 3 inches, 


L*-T 

43 -« _ 33-6 

L the length = 16 feet. In this case 44-34 -= 42-11 ; also c = crushing 

force of iron (44 tons) x sectional area of columns = 0-7854 x (4* — 3*) x 44 = 

W c 

241-9 ; then the actual breaking ^feight for short columns = = 45-57 tons, 

G W -f- f c 

4 . 5-57 

which taking the factor of safety as 4, gives the working load = —^— = 11-34 tons, 
or 25,401 lbs. ; thus giving an excess of strength sufficient for all contingencies. 

Columns for Lower Story^ to support Flooring, with weight of Columns and Roof 

above. 


17 X 10 

Floor .—Bearing beam 11 X ■—X 40-61 = 606-28 

Cross do., 2 X 10 X ^ 46‘61 = 757'41 

•loisU, 13 X 6.i X —^ 46’61 = 769-06 

Weight of tiles and mortar,. 

„ of goods 11 X 10 X 400, - - - . 

„ of columns of upper story, - - - - 

„ of roof and each column, - - - . 


2,131-76 

7.150-00 

44,000-00 

600-00 

8,585’19 


Total deau weight on each uolmiin, - 62,466*94 lbs. 

Let W = breaking weight of long columns = 44*34 —— = 284-05 tons, 
where D = pxtomiil diameter = 7 inches, and d internal diameter of column = 
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inches, L = length in feet = 15 ; also e = crushing force of iron x‘ sectional area 
of column = 44 x 0’7854 x [7* — (6J)*] = 647‘95 ; then crushing weight for 
W c 

short column = = 239 tons, 

W + i c 

239 

Taking the factor of safctj’ as 4, tliis will give a safe working load of = 59'76 

tons, or 133,840 His.; which will be sufficiently strong for all contingencies. 

Girders and Columns for Shed of Cvstom-House .—The columns are to be 15 feet 
placed at inteiwala of 20 feet apart, each supporting four trusses with roof cover¬ 
ing and one girder of weight estimated below:— 

Wkiout of GiBnEBs. 



tert. 

Rafters, 

40 

Strnts, 

20 

Purlins, 

80 

Tie-rod, 

37 

King-bolt, 

6*5 

Qncen „ 

6-5 

Ridge, 

5 

„ plate, 

5 

Tiles, 

5 X 40 

Gutter, 

5 


lb!!, per foot. 

IM. 

8-25 

330 

5-00 

100 

2-.‘'i0 

200 

3-32 

123 

2-00 

13 

1-00 

6-5 

4-00 

20 

12 00 

60 

1-50 

300 

27-64 

138-2 


Total weight of truss and covering, =s 1,290‘7 
Total weight on each girder 1,290’7 X 3 = 3,872‘] 
leaving the pressure of the wind out of consideration, as the roof is protected by the 
bnildings. 

Let W = breaking weight of girder. 

L = distance between points of supp|ft, ^ 

D = whole depth, 

rf = „ lower flange, - . - - 

B =: breadth of „ . . . . 

b = thickness of web and rib, .... 


= 20 feet. 

= 10 inches. 
= 8 „ 

= 8 
= 1 .. 


then W = 3 = 14-72 tons. 

IJlU 


Tins gives a safe working load of = 3 C8 tons, or 8,243 lbs., to meet a dead 


weight of 3,872 lbs. equally distributed at three points, thus giving an excess of 
strength sufficient to meet any occasional pressure from wind, &c. 


Weight on Columns. 

Each column supports four trusses with roof covering, and weight of girder. 
Weight of 4 trusses = 4 X 1,290-7 - . - - . =6,162-8 

Weight of girder (estimated at),. 1,768 


6,930-8 lbs. 

ColnmnB.aie 15 feet long, 4 inches external and 3 inches internal diameter, which 
gives, by previous calculation, a safe working load of 11-34 tons, or 25,401 lbs.; this 
being suffldently strong to meet any occasiona] strain from wind, &c. 
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40i The walls of the building haying been erected and roofed in, the 
interior plastered, and painted, colored or papered, and tlie flooring having 
been laid down, it only remains to describe the details of finishing it, so 
that it may be fit for residence. 

Verandahs are generally considered indispensable in all Indian houses 
built in the plains; they protect much of the main walla from the direct 
rays of the sun, and shaile the doors and windows from his glare, while 
giving a pleasant lounge in rainy weather. They may be from 6 to 
12 feet wide, 8 to 12 feet high inside, and with a flat or sloping roof 
finpj)ortcd on arched openings or pillars and architraves. 'J'heir floors 
should be raised to tho same level as that of the rooms, and steps provided 
outside. Much of the appearance of a house depends on the stylo of the 
verandah. 

41 Jhors and iriHt/oM's.—Doors in Indian houses arc generally made 
doiiulo, so ns to occupy less space when open: they may he jiauuellcd or 
gla/cd—or part j)aiinel]cd and part glazed—they vary in size from 6x3 
feet to 8 X b feet in the clear, and are hung on chmtkuts or door frames 
hui.i. into the masonry. VVlicn more light is wanted, rcctangnlar or semi¬ 
circular fan-lights may be fitted over them, b'or the external openings, • 
Venetian doors may be added on the outside to keep off Uic glare and admit 
the breeze. Doors may be painted wbitc, or stained and vuriiishcd. 
Hrass binges and fastenings arc a groat improvement to their appearance, 
.nd the employment of colored glass lias a good effect. 

Windows are generally made like doors, the sash arrangement being 
seldom seen except in houses in the hill stations, lljipcr windows are 
usually provided for ventilation, moveable on a central pivot, so as to be 
opened by a cord from below; tlicy slumld have sun-bbades outside, of 
wood or iron. 

42. The roof timbers of a flat roof arc generally left exposed in case 
of attack by insects', and if stained and varni.shed, or painted, look well 
enough. The timbers of a pitched roof arc generally covered by a Ceiling 
cloth, which should be carefully stretched on a frame, made in pieces, and 
securely nailed to the wall plates on the top of the cornice, and the bot¬ 
tom of the king-posts of the trusses. 

43, The construction of chimneys has been treated of above. As 
wood is used as fuel instead of coal in the Fireplaces, the iron grate may 
be dispensed with, and a small platform of masonry substituted, with a per- 
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forated iron plate to give a draught. The chimney-piece must be left to 
the taste and fancy of the architect, but the sides of the fireplace should 
bo splayed out more than usual, in the colder provinces, to throw out the 
heat, 

44 . Punkahs may be hung from strong iron hooks screwed into one 
or more of the beams supjtorling a flat roof, or they may be suspended 
from the tie-beams in the case of a trussed roof; the framework should not 
be more than 18 iuches wide, with a deep heavy fringe, and may be onia- 
mented at pleasure. Sometimes a bar of carved heavy wood takes the 
place of tlic ordinary rectangular frame of wood and canvas. "With brass 
rings and thin colored cord, with the framework tastefully painted, and the 
fringe prettily edged and of good material, punkahs may be made orna¬ 
mental to a room, instead of being the unsightly excresccuces they gene¬ 
rally are. 

A design for a drawing-room interior is given in the Plate. 





CHAPTER XXVII. 

DESIGNING. 

45. Ih designing » building, the first thing to be thought of, and one 
which should not be lost sight of throngho»]j^, is the object or objects it is 
to serve and all the reqnisites of .strength, convenience, beauty and econo¬ 
my for the attainment thereof. By beauty is not to be imdcrstood the 
mere presence of ornament. A building utterly devoid of ornament may 
possess great beauty architecturally, from the perfection of its proportions 
generally, the variety of outline resulting from tlie projection of some of its 
parts and the difference of relief, i. e., height, given to them, and its ap¬ 
pearance of harmony with tlie use it is intended for; on the other hand, 
pretentious buildings, introducing columns, with elaborate entablatures and 
a multiplicity of mouldings, each good in and by itself, may be utterly de¬ 
void of all architectural beauty. 

46. A very essential point to be attended to is Venti/ation; ‘the air 
entering by the doors should be able to escape by means of apertures in 
the roof, so that the wliolc of the air within the apartment may ho fre¬ 
quently changed; and light should be admitted from above. It must be 
admitted however that the proper method of ventilating and cooling 
buildings in a tropical climate is not yet well understood. The ordinary 
rules for ventilation are often inapplicable in India owing to the extreme 
heat of the external atmosphere, which renders it necessary to exclude 
it entirely during the day, unless previously cooled by some artificial 
process. The ordinary method of doing this is by means of tatties or 
grass screens, placed in the dgonvays to windward and kept constantly 
wetted. This method is however evidently efficacious only when a strong 
breeze is blowing, and when the wind is dry and hot; when the mr is moist 
nnH stagnant, tlie latter ceases to act, and it is necessary to create a current 
by artificial means, such as a thenncaitidote, or other species of blower; and 
in general the air inside the house is cooled temporarily by agitating it with 
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putikaJis, which however evidently serve no. purpose of ventilation and do 
^ot^ven really lower the temperature. To secure a thorough draught 
through the rooms, numerous doors or windows are provided, and opposite 
to each other, and this answers well when a sea-hreozc is blowing part of 
file day, or in ordinary cases when the external atmosphere is tolerably 
cool, at least at night. Eut more than this will be needed when the air 
• is hot and stifling. The floor of the room should be raised and flues 
provided underneath through which cool air can be forced by machinery 
and admitted through minute jierforations in the floor, and the foul air 
carried away through a perforated cornice above, or by ventilators in the 
roof. 

47t Another point to he considered is the aspect of the building with 
reference to prevailing winds, use of tatties, topographical peculiaritie.s of 
the neighbourliood, &c. In Upper India the long sides of barrack.s are 
generally made to face the west and cast, so that one of these may be 
exposed to Uie westerly wind ; as however a house whose long sides face the 
north and south is most sheltered from the sun, it is best so placed when 
westerly winds are not prevalent, lliis point determined, the out-oflficcs 
must be distributed conveniently, yet so as not to interfere with the object 
sought in the first instance. 

48i In dwelling houses, the habits and wants of the occupants must 
all be carefully considered; but these arc so infinitely various tliat the 
young architect can be here only cautioned not to neglect them whenever 
called upon to prepare a design. Every kind of fitting, especially such as 
have reference to lighting, warming, ventilating or cooling the rooms, 
should be determined upon beforehand. The nature of the materials will 
next be considered as regulating the thickness of the*walls; the relative 
position of the various rooms will, with reference to economy have to be 
regulated by the ease or otherwise with which they can be roofed, except in 
flat roofed buildings, wherein each room is roofed independently of the rest, 
and in such houses convenience can chiefly he studied, economy providing 
for as many partition walls as possible, which can be thinner than those 
supporting the beams of the roofs. 

49, One of the first points to be determined in framing the design of a 
house, barrack, or other dwelling, will be whether the building is to consist 
of more than one storey or not. In Northern India, Upper Storied Houses 
are rare, chiefly because the ground is of little value and rooms arranged on 
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oii« floor arc more coiivcnicnt,, wliiUt. tlm Liiildio;^ itfiolt’ in lc^« exjicnsivi’; 
but where ground is valuable, as in the I’resideney lowns, ujuicr storied 
houses arc oonnuun, and there is no doubt tliat rooms on aii ujiper floor 
arc far more heallliy as dormitories. Indeed, in damp climates, such as . 
Bengal or Biirmah, they should be regarded as indispensable. The spe¬ 
cial points to 1)0 attended to in desigiilng an u])i)er storied building arc— 
Ist, That tlio foundations are strong enough to eairy the weight of the 
building; 5Jnd, Thai, the masonry of the walbs is good aiiil well bondwl, 
and gradually dimiiiishe 1 ijj liiiekness iijovards, according lo the iiiimher 
of the stones; ilrd, 'I'hat due provision is tnade for the ventilation of tlic 
lower rooms; -Itli, That convi'nient staircases are provided for ascent into 
the ujiper stories. 

50. hivery kind yf building whether public or private will of course 
have to be designed aceordiiig to the speeitic pur[K»se for wliieli it is in¬ 
tended; and s<» iiui.jeroiis are tliose jmrposes that it would ikc obvioinsly 
impossible, to iiiujiicrato or even elassify them; a few Jiints may however 
be neeeptable for the ino-t coimniui kind r>f buildings 'wliieli the^oimg 
Engineer in Inilia may lie eailed upon to design. 

Prinih: Aoiisc.-;. -If on two stories, lire sitling romns .should bo arranged 
helow', the bed rooms aiiove; an eiilrance hall is a eojivenient arrangement 
in a large boU'e, from which the jirineijial slairease will ascend into tiic 
upper storey, 'flie si/,e of tlie rooms will be alVecled by various considera¬ 
tions, and their projiortions also. l'’or a drawing-room or library, if the 
length is half as mneli again as the breadtlt, and the heiglit the sauio a.s 
the breadth, the elfeot will bo iiarmonious; a dining room may be longer 
in jiroportiou. Hecesses may be provided in tbo walls of rooms for book¬ 
cases, for cupboards, or as nielies for lamp or statuary, as the ease may be; 
but siiflioieut wall .sjiacc should be left for jiietures. 

Bow-rooms arc generally admired and arc often convenient, but all 
curved walls are more e-\])ensivo Ilian straight ones, as involving cutting 
and shaping of bricks. Bed-rooms sliouid have dressing and liatli'ryom.s 
conveniently provided, and the doors and winilows carefully arranged as to 
position, so as to secure privacy. 

Barracks .—Eiirtlicr on are given the latest ap[)rove<l designs for 
these buildings.' Those hilliorto constructed have generally consisted 
of a scries of large wards, in which the cots arc arranged against the 
walls on each side, with tables down the middle. Where douUe verandahs 
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we providtid, as in tlie ruiijab Barracks, tlie inner oner are used as dining¬ 
rooms. The new arrangwneui, however, by wliich the living rooms and 
bed rooms arc sepai-ate, is in every way superior, though doubtless more 
expensive. ^ 

Churches .—Arc usually built with a nave and aisles, and a chancel at 
the east end, when the ground plan would be a siinjde rectangular paral¬ 
lelogram ; or the plan may lie made cruciform by tlie addition of north and 
south transepts. The proportions and sizes of those will vaiy according 
to the number to be accomodated and the taste of the arcliilect, and tlie 
additions of tower, porch, &c., must also be left to the architect and the 
sum he has at command. So many excellent specimens of tilothic chur¬ 
ches, hotli large and small, have been erected in lati* years, tlnit the young 
architect can have no excuse for designing the huleoiis uhoniiiiations 
which used to be so common in this country. As a general rule, the (lo- 
vemment in tliis country defrays the cost of tin; mere building itself, all 
additions and orn.amontations being ])iiid for by siil)Scri]i(ion, and the 
ardiitect should design his structure accordingly, so that gradually it may 
be made a structure worthy of a C’hristinii congrcgatioti. Due attention 
must also be paid in his Gothic design for the reijuirenu'nts of tlie climate. 
Vcrandalis will generally he wanted to jirotect the walls from the direct 
rays of the sun, more* openings for fro.sb air tlian are demanded in a 
cooler country, and ajicrtures above for ventilation. Tlie provihion of 
all these in liurmony uitli urchiteetiiral requirements, uill always prevent 
a more slavish copying of a Euro}«‘an design. 

51. As a commentary on the foregoing are ajipended a few fair ex¬ 
amples of Indian buildings erected or designed, cliielly extracted from the 
Professional Papers on Indian Euginccriioj. 

Notefhera Barrachut, l*nhjab —liich Iiavrnck iiecoininodateK one cominni^, nrid con¬ 
sists of two wings connected by a passage .‘K) feet long. 

In each wing tliei'e are four main rooms, x feet, witb a reading-room or 
workshop, 26 X 16 feet, at one end; luid lour moms 22 x I** feet, for t)ic accommo¬ 
dation of the Sergeants at the other end. The inner eueloscd verandah is 12 feet 
wide with double doors. The outer vcrniiduh is open, 10 feet wide, the archways 
being 8 feet span. 

The main walls ore 22 feet in height from the level of the fl(K*r to the top of 
the stone tciuidet, which receives the slioo of the iron trussed franu;.s of tlie main 
roof. The nx)£ is on a pitch of thirty degrees, and is formed of large Grecian tiles 
set in mortar, over 12 inch square bricks, 2 inches thick. 

The walls of the imiei- verandah are 16 feet high from the level of the floor to 
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tile bottuiii of (lie iron beattiu. The roof is flat, fonncd by arcliiiig from beam to beam, 
the underside being plastered, and the ujipcr covered with one inch fine terrace, the 
spandrils being filled in level. 

The walls of the outer verandah are 13 feet 9 indies high. The roof being flat 
pucka terrace, supiiortcd on deodar knrries, scantling 6x4 inches, placed 9 inches 
apart 

^ Tlic masonry of the foundation and plinth is of slate stone and mortar, the latter 
having equal pniportions (by mcnsurciiicnt) of stone lime, soorkbcc, and river sand. 

The masonry of the superstructure is tlirougliout of bximt brick and lime cement, 
in proportions as above. 

'I'lie whole of the interior of the bniUlings is plastered witli sand plaster, having 
washed sand and lime, in equal proportions (by nirosnmnciit). 

The exUrior of the aliole building is pointed, with exeeption of the comicca, which 
are plastcreil with n. ecmciit formed of lime and wnirkhee, in equal proportions, well 
in-iiteii and eoimolidiited ; 2 feet at the bottom of the outer walls and the outer face 
of the jdintb an: plosten^d siiiiilnrlv to the eoniiccs. 

'J’be whole of the flooring is fqiiiicd of slate slabs set in mortar, ov'cr two eonrsca 
of hrieks laid fiat, earth being first filled in and rummod to obtain the necessary 
lieight. 

'File wliolc of the doors are imniiclled, the frames iiciug 2 inches thick, the win¬ 
dow's, wlieiv jiraetieablv, are. hung on the centre so ns to open when n'quii-ed. 

Tilt* ])niikalis arc liung rvoin iron nsls at a height <)f l.'i feet fmm the floor. For 
the pnrpo«e of ventilation llic ridge of the main niof is iX'rforaicd along its entire 
b-ngtli, and in the inner verandah the iron tubular beams are left o]ien at the extremi¬ 
ties to admit a r-un'ent of air tliroiigU them into the building. 

Estimated eost, exelusi\e of iron work, lls. 73,117. 

iVew SUnidiml Ban'acks. —IHans arc ^iven of the standard barracks 
ialcly ajiproved of by (h)vornnicnf. for Jyiroi>can troops in this countiy, and 
llie following arc tlic decisions arrived at by the (Jovernniont of India, on 
the most important points connected with their construction and antinge- 
ment. 

The Govcnmiefit «»r India is of opinion that, if the general rules and principles to 
Imj oliserved in bariwk eonstriietion be laid down, ami if speehiien plans suitable for 
diffei-ent liH-alities lie jirovided, the i)reparatiou of designs fur partieiibir l>arrack8 
may Ik: ]m>])erly left to the bK-ol t>fHecrs. 

For a Ueginieut of Infantry, lialf ismi|Mmy IwuTiic'ks should be provided as tlic rule; 
Imt laiiTaeks for whole compatiies an: mlmissiblc when eouvenieiiec requires their 
adoption, as in a fort. Anything in excess of whole (xaiipsuiy Imrrueks should only 
1 ) 1 ) resorted to when tlicy are indispensable. 

For a Regiment of (Javalry, barracks, each sufficiently large for a troop, should bo 
adopted. 

For a Ligiit Field Butte-ry of Artillery there should be three barracks, one for each 

^ I 

riivision. 

For a Garrison Battery of Artillery there may be one or two barracks as, from 
local cin’umstancos, may lie fouiui most convenient. 

B\ the above arrangements the numbers that will be collected under one roof will 
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be, ill the riwi' of tlio Itifaritr}' and Artillery, about 44 men, and in tlic case of tho 
Cavalry ahuiit fiC mini. 

As to the uuiiiber of Rooni.s, four should be provided for ii C’oiiipany of Infantry 
nnd six riKJin.s for n Battciy of Ificld Artillery. Three roonw arc suffieient for 
a Troop of {’iiviilry j three rooms should al^i suniec for a Garristm ConijHuiy of At- 
tillery, cxeejit where two ban-neks are imnidwl, in which ease there should be two 
rooms in each barmek, w in all four for the whole Comimny. 

The precise proporthm of single men jier Company, Troop, or Butlen’-, to be 
provided for bus not yet licen definitely decided ; but the nnnibcr of men to be placed 
in each room according to tlic above ammgement, will never be loss tlmu IG or more 
than 24. 

Donlde-storicd hnrraek.s, in which the upper flooi-s only arc used as dormitories, and 
the lower ones a.s duy^roonis and for aii.vUuiry' piirjtoses, .should be ndojited, ns a rule, 
ill nil pnrt'S of Jndin. 

Ill jilaces where ground is restricted owing to any ciuist', three-storied buildings may 
lie udoiib-d, file two miper floors being used ns donaitories. 

In Forts or other jilm-es wliere llie efficient veiitilntioii of Ihc lower floor is obstruct¬ 
ed (by the ijniiiediiib' pivixiniity of n r;im]mrt or a Jilll-side for instmiee), this floor 
should not be occupied by dwelJing-nsMiis. 

Ill Hill Sliitious it is not obligatory to jn-m ide upper-stoi iv-s, but uiien eircuin- 
stances render it. convenient to adopt lun'ldings of more than one , tory in height, there 
i.s no sanitary objection to the oeeupation of the lower, as well as of the upper floors 
as donuitories. 

rth as lieen decided in a general way, that one-lialf of the spai c shall be set apart 
for dav-nioiiis for die men, one-fourth of tlie spuee as an open nivin..j iiiul onc-funrtli 
for piinsw.--, siicli as Store-room, Sergeants' Afiv-s, Jlcgimenial Library-, 

Itecii iitioii Uooin, &.C., &e. 

It should lie understood that out-oflices, such n.s jiiiiiea, i ok-rooms, &c., do 
not fall under the caU-gory' of uuj-iii<in/y Imt under that of suhstdtarff accommod¬ 
ation. 

'riie sjMico ill barrack dormitories fbotild be as follows : — 

In the J’lains--- 

74 ntmiing feet of wall space jier man. 

flu siipiTticiid fci-t per man. » 

Width of wind 24 fict. 

lleiglit of wards in both floor.s to wall ]ilatc, 20 feet.- 

This would give I,b00 cubic feet per nimi. 

In Hill Statioufa— 

7 running feet of wall space per iiiun. 

77 superficial feet per mnu. 

Width of W'oi-il 22 feer. 

Height of wards in both flixirs 16 to 18 feet, according to the altitude of 
the station. 

This would giie in the one ease 1,232 and in tlic other 1,10H cubic feet 
per man. 

'I’lie following rnlca should be strictly attended to in rogarf\ to the arrangement of 
beds in a wind, lir.:— 

That tin-re shall be only two rows of beds in il ward} that no bed shall be placed 
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within 9 inchoB nf h door ; and tliat not more ilian two bedN bliall br allowed in the 
wall space between two contiguous doors. 

]jit\ utories should be altogether in detached laiiMingH close hi, but not touching, the 
luvmickR. A small closet containing two closy stools and two iirfnnls iniiy, however, 
bo nttiu'bcd to each iipiier-story sleeping ward, for night [lurposcs only, but it should 
he locked up daring the daytime. 

Kach Sergeant’s quarters should Ixs on the scale authorised for married men, viz., 
two rooms, one 18' X 12', and one 12' X 12', and ii small bath-room. 

The nccornjBinying thme plans arc approved of by the tJovemmeni of India, and 
will serve us sjioeiiiiens for general guidance. It will be observed that all Ibeso ]»lans 
provide for a single main waitl protected by a single verandah only, an arrangement 
whieb has for some \Ciirs been in force in flic liengal 1'residency, and which is in 
n<‘Pordiiin'c uitli the views of the Koval Indian Sanitary (’oin.nission. . llie width of 
vcniiidahs of nil barracks should be 12 feet in the [ilains, and 10 feet in the hills. 

Mff'iii .1/m’ Cfivrriij Vwijtib .—Tliis liandsotnc Clniivli, Hosignod in Uio 
early JCng'.isli stylo, tvsis, buill in ISril-TiO, It is entirely ol“ brick, and the 
workruansliip ihrongliout is td'lir.st-rnlc oxecllonco, and beautifully iinisbed. 

'J’be is (ini lv ptiistercil nilb mortar, eontaining a small admixture of 

Boorkbec, “'ll as to be ol a faint reddish tinge, which, w ith a slate roof, gixea a very 
l•!enu linislicil look to the exterior, '('lie work is lined in imitation of stone joints. 
'I'iic veiand.-di lloocs aiv laid w illi sqiiaic Idocks of reddish stone, placed diiigon.ally, 
alternate light and dark stones being used. Stone benelics arc also provided oil the 
inner side. 

fnutic, (lie walls arc. plastevi-d with mortar made .from marble out of the citj', 
from old buildings. This is polished exceedingly smooth and is of a pure while. 
It is alsoj(iiiled in imitation of stone The laiud running nanul the ehaiiccl and 
bide aisb's, i.-. imide of ibe .same, beautifully finished. 'I’lie n>of triis-ses arc 42 feet 
hjian and are of st.aiiied deivinr with wivaiglit-iroii ties ; t!ic piu'liiis being covered 
witli boarding of the sniiie wood, mi wbieli the slate are laid. Tliu fliHir is of the 
same deseciptioii as the verambibs. ns a grimnding, but the whole of the, elinueel, and a 
path 7 feet w ide down the centre of the main and .side aislr.s, is of idternate hloeks 
of white marble and a dark aaate like Usikiug stone, whieb, a^ well as the marble, 
is liiglilv polished. Tliese paths me finished ofl' witli a iie.nt border inlaid of the 
same stones. 'The stones iusiilc the. altar rails liuve each a Jinn- de Us of the o]>posito 
color let into their centre. The steps to the elinueel and to the altar arc of whito 
iiiarble. 

irim/uuis.—'J’lic whole, of the.se are flllcHl with stained glass. 'I’hc ends of the 
chancel and eeiiti'c and side aisles have figures in iiicdallioii, set in u verj rich colored 
ground, and the side, windows are. ot a hlaek and wliitc diamond and ^cur /is 
jiattern, witii a coloml horder, and centre.^ to nivlicd lieads, 

Voni, Altar, -The font is of white niarljlc. The. Ten fVimmandmcnts and. 
liord’s I’rayer aiu cut in old Unglisli letters, on maible. slabs, behind the Oommunion 
'ruhle, and colonMndiu k and red. 'fho ekiUi for tlie table and cushions, &,c., is dark 
preen, the former being covered with gill^ewr de Us. 

Ts of stained wisid, of a linndsome and substantial pattern. The 
pulpit and reading desk are low, and rather jdaiu. 



38 


UK81HNING. 


Punkahs ,—Arc of {jrccn painted slicet iron framed with d.'irk wood, Muspeiidod 
by iron rods from liori»ontal ones boilt into the walls. The an-angcmeiit is ils neat 
and as little offensive os jmssible. 

Nitmher of Sittings .—There are benches down each side of the centre aisles, 
with 9 sittings in c«ch ; total, 576. The side aisles have 1 IS each, and the gallery 
100 , making a total of 906 sittings, but they arc too small, and the Clinreli eonmrt 
be said to have room for mure than KOO, nr coiiifoi'table room fur 7<)0 ])(‘rsons. 

(bst .—Tlic prec^isc cost is not known, bnt it is believed to have been about Rs. 
90,000, of which Government paid Us, 43,000, the rest being raised by private sub¬ 
scription. 

Cawnpore CArtrc/i.—This design is fonnded on th« roiiml- 

arched Lombard and llonmncs(][iic styles of Ardiitecture, vritli introdnction.s 
from the latter Italian pointed style. 

It is proposed to build the walls of die Church of rod pressed bricks, faced in part 
outsidu with Chunar stone in ibirk gray bands ; inside, the aalLs arc to be fuecd solely 
with stone. The roof is groined in sttme in the simplest uiiuincr. The cornices, 
arches, and columns are to bo also oh Chunar stone. 'Jlie flooi'ing is idso of stone, 
with a pattcni of gray Chinese innrblc. Tt i.s not intended to liarc any plastering 
eidier cxleniBlly fff internally, as, after the lapse of a few years, it reipiires to bo con¬ 
stantly rc)iaired, and the tendency of ])lastiT Architecture is constantly to e.\trava- 
ganec in detail and bad taste. 

The dimcn.'dons of the Church are as follows ;— 

Ffft. Infhn. 


Extreme length inside, . 141 U 

Extreme width inside, . .50 6 

Height of Chnrch, . 46 0 

Width of Kave, . 25 6 

Depth of Chancel, . 42 0 


The CliUivh is capable of affording sittings for 500 j»cr.snns on the pwnid floor. 
Ill the gallery at the west end, over the vestibule, 100 more jierHons can l)c seated. 
The organ is jdaced in the gallery of the .south trnn.se])t, and there is a eniTes[>onding 
gallery iu the north transept: tbc.se will seat, if rcrpiircd 100 more jicrsons—thus 
giving neeominodatioii in all for 700 itersons. 

The method by which the Church is lighted and ventilated and scenred against the 
intensity of glare, forms one of the chief objecte of tbc design. The prineijial light 
is obtained from n considerable elevation immediately aboie tlic lower passages or 
aisles. It is admitted—through a scries of small pointed nrelics pierced in 
the *>ntcr walls of an np]icr arcade built (»ver the passages below ; seemdh/, throngli 
a series of similar aivhcs left in the inner walls of the Church. This double 
arrangement for ndniittiiig light w'lll ton^ down the rays of the sun and ob¬ 
viate any itux)nvcn^nt glare, while it effeclnally prevents the rays from falling 
dire«.'.tly on the people occupying the scats on the floor of the Church. Uy leaving 
all these ojicnings free from glass, a five current of air is afforded for Uic ven¬ 
tilation of the Church, whilst in the cxticmc hot weather, when the Chnrch should 
be closely shut up, knskns tatties can be fixed with advantage against the outer open¬ 
ings, and kept oonstanlly wetted by coolies doling the service, withimt at all 
interfering with the congiegution. The necessity of using large hanging punkahs 
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so inisin'hlly in t'liiiivlu't!, will thus ]mihfih1y hi- <il>\ialul. 'J'lie rain wliidi hi-ats 
Ihi- oiiti-r iirrhus only, will full on yu- iloor of tin- nroiuU-, anil In- (•jiiTit-d 
away lhroii<;li tin; down ]»i|»es. Small opi-nin^rH to act as VL-niilatoi's have hccii pluiHid 
in tin; pn-ssan't-s of tho KroHtid flimr, and li-rlit is also admitted thivtuj'h the iloeidy 
reeessed wiiidoAvs at the east and west ends, and in the transupts. 

Jilstiinuti'd eost, Ks. 1,01,1:11. 

Attack Church, Pnujub —Tlic «lesign is for u Church calculated to 
seat 250 jiersons. 

SjmcifiaiihH .—The huihliii}; to eoiisist of a Nave (ltJ''+ 22 ) witli north Transept 
(21* X 12') and side Aisles, and a Chaneel ((Jl' X 14 ). 

A Tower (It)' x 10' intenially), and ris-ii;;: to a lA)(al heip;lit of 71 feet, is placed on 
the east of the transeijt, at the anyh; foiiiied hy it witli the na\e, and this with a ]iorcli 
(II' X tf) opposite to it, eoiiipleres the desiyn. 

The yround-ilmir of the tower is tip]>ro])riated to the Vestry, and the first storey can 
K;r\e, if reijiiired, us an Oryati loft, since it opens into the hum-, nitd ean he uppniaeh- 
ed hy tin; steps and staii’ease on the north fare of the tower, w'itliout yoiuy through 
the lower a])artnieiit. 

The manoiny, for the most pint, to he of rough-dressed stone of the hest deseriptiun 
to lie found in the neighhomlniud, hriek being used only in the eohimns of the Nave, 
tin arch inouhlings, and siieh other jiortions of tin- structure us may seem in jinM-ess of 
eontrnetion advisuhle. All external and exjioaed work to he earefidly iiiiislied, and 
plaster to he given to the interior only. 

The flimriHij to he of tiles (!» x !* inches) red and gray laid diagonally over hrick- 
on-edgi', the iijijier tloors of the 'lower to he li-ineh idunking o\er Joints i) x G 
inches. 

The roof of the Nave, Chaneel, and Transept, to consist of tiles (or shingles) over 
|ilnnking, o\cr rafters and ]inrlins resting on suhstantial tnisses, jilaced 1IJ feet apart 
from centre to ccTitrc^ corresponding to tlic pillars of the na^c j one truss of the snnic 
jiatteni heing given to tin Iransejit. anil chancel, resjieetively. The naif eoieringof 
the side Aisles to lie siiniiar to that of the laive, hut with flying nrehes springing fnuii 
the aisle walls in ])lHeu of misses. 'I'liu ]iitch of the nave, transejit, and eliaueel roof 
to he ol", and of the side aisles 21°. 

The Tower to be coveivd hy a tiadu-r frume-work, sheeted with zine, and tcnniiiut- 
ing with an iron iinial, with a stuiuhird at eaeh angle ; one being a lightning conduc¬ 
tor, and having a greater elevation than the ifst. 'I'hc rod should jmas to the gnaiud 
in tlic angle formed hy the. two hiittix-sses at llie soulli-ca.st comer of tJic tower. 

The doors to lie battened, with massive oniaineiital lunges, and /<u»y ; no ehowkuts 
being used. 

The windows to be glazed diagonally, and stained glass to he introduced if funds 
allow, giving the preference to the east and then to the west window. 

Sittings (of stained deodar) to be provided fw 250 persons, the benehes being so 
arranged as to occupy the wliolc of the imi c, tlic north and south aisles forming the 
means of ingress and exiL Tlie remainder of iXicfitliugs, comprising pulpit, rending 
desk, and chancel rail,' to be of sissoo or walnht. wood. 

The punkalu to consist of deep and full fringes, w-cighted with lead, and attached to 
ornamental bars of sissoo, suspended from the iron tics of the roof-trusscs. 

Thc/ortt to bo of stone, carved at Delhi. 



Third Clnss Railway Statiniu_ Tl. I. A'.—Of l»rirl< t1ii'oiigh<iiit, itoiTitcil 
externally, ami plasttM-iul iiisiile. •'riic iDofs of or piicl^a tenaee, on 

slroiipf trusses, or of InieK tiivhes with iron tie-nuls. 

J^uropean JfaKpilnl, Humhay. —'J’hc premiatril dcsipfii Ijcre given is a 
good cxamjdo of the sujierlor Arohitectiire iiow<’oining into vogue wherever 
the money can ho aRurded for a liigher sl.yle of building. 

The Hospital is (lesigtieil in tlir (jothir of AI'c-lntn-tnre, which tlic author be¬ 
lieves to he the hl\leuf' all olhcis last suited to the re(|nireiiu'iits ol' it ti'opii-nl eoniitry. 
In the present (Usigii, that. tj.pe <tf (Sothie worbed out in the Sonlli of Kuropn in 
the middle ages has been preferieil to the more Noriltei n t.'pe, the n!-«‘hileetnr.al n*- 
quirements of Jiidia being more ncarlv allied hi lIio.se ol' Italy Ilian of Kiiglaiid ; 
various naodifientions of this sule now iini\ersidl\ adopted to meet modern neei-ssities 
have been made. 

The llosjiital is 4.‘t0 feet in extivmc length, aiid l-loi feet hro.adth at (he conire, the 
projecting end terminations arc CiKJ feet in bivadth, the ordinniy hre.adth of the. Imild- 
ing being oSj feet.. The building is eiitneil at the eenlie on Jiolh Ivisl aiul West fa¬ 
cades through covered e.nrriage I’t>rehoR, Hint on i.he We.sl e.'iny ing aliovo a small 
Ohapcl. An open Amide leads from the jsirtieo stejis into a large Oetagon Hall, in 
which arc ]>laccd two High Is of slairs conveniently situated for those entering tlie hiiil^' 
ing from opposite sides. The two flights are carried ii)i to the iiji|ier floor of the hnild- 
ing and they arc lighted from aboie hy four rose Windoivs. To inereast- this inoile- 
. rale light tx> a .strong one and t.o mbl to the vertical ventilation of the liiiibling, ns well 
ns to produce n t'eatiire giving by ils external ni>pcnraiiee a unity of e/Tisl (o ibe whole, 
which otherwise from its enormous size would be. wanting in that uniti, a lofty octa¬ 
gonal [aiutem has hccii dcsigiKsI as the crowning luemhcrof the eomfsisitioii. 

The urinaries, thongli included in the ninin building are eoinjdetely cut off fiiim the 
wanla. Liofty o]ieiiings slightly screened by sliafts and simple tr#ccr\ admit of a very 
thorough ventilation. 

The building was intended to be construck'd of Ciwirla nibbli', a reildisli trap, the 
arch rings lieing formed of alkrimle stones of Tonhuuder (whitish lime-stone) and hhio 
basalt. 'rJie ixiof to he of iron, well ventilated, witli nimicroua Domcr windows nltove 
the ceiliiigs htted with Jtaivejs. 

Estimated cost, Rs. 3,79,HOC. 
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CHAPTER XXVIII. 

SPECIFICATION AND ESTIMATE. 

53. The design being delcrmincd npon, the next step is to draTr a 
ground plan at the floor level, with vcrtienl sections, showing every dimen¬ 
sion requisite for the culcnlatioii in fnll, of the cubic, superficial, and lineal 
measurement, of every part of the building. Besides these, ■working plans 
on a larger scale must be given showing the roof trusses, mouldings of 
cornices, framing of doors and e.vcry detail, especially those which cannot 
be accurately describeil by words in the specification, which is now to be 
made out. 

.‘i.'l. The Specifirntion is a description of the work to be erected, which, 
with the assistance of the plans, shall be sufficient to detcmiiuc precisely 
beforehand everything to the minutest particular to bo d<iue by the builder, 
and this nion' especially if the bnildcr is a contractor also, as otheawise no 
honest coiiLi'actor i.* likely to undertake it; if the spccilication is not pre¬ 
cise, mori* may l-c exi)ectcd from him than he is able to perform for tlie 
sum at which he offers to do it; t)r he may take advantage of this want of 
precision, to give inferior worlt within the letter of his hond, 

Tlie more minute a specification, the fnore fit it is to l>c the sub¬ 
ject of a contract, and the better guide it is to a builder whose bo nd fide . 
expenditure is guaranteed to him with either a percentage on oxitlay, a 
salary whilst employed, or a fixed sum for superinlendoncc of the work on 
its completion. 

A specification should state the nature of the matei-ials to be used in 
every part of the building; for instance, the kind of brick or stone to 
be Aised in tlie foundation, the particular kind and the proportions of lime 
and sand or s'oorkhee in the mortar; the same of the plinth and superstruc¬ 
ture ; the nature of the plaster, varying perhaps in different parts of the 
bnilding; of the floors in each room, the ceiling, roof, doors, in short 

o 
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every item of work must be accurately described as to its quality and 
aituatiou; the quantities have next to be ascertained, and this is what is 
commonly called Estimating. 

54 . Esthmting^ consists in measuring correctly tlie whole of the work 
to be done in a building, keeping every kind of work separate, and then 
calculating from these measurements, the quantities in cubic, superficial 
or lineal feet of each, according to its nature. Then, having ascertained, 
either by experiments carefully conducted, or from previous experience care¬ 
fully recorded in a tabular form, the quantities of every kind of material 
used and expended in some fixed quantity, generally 100 feet of each kind 
of work, the quantities required for the whole building are then calculated, 
and the price of each being ascertained, the probable cost of the. building, 
barring accident and changes in the price of materials and labor, becomes 
known. 

In taking out quantities for an estimate, it is convenient to follow some 
fixed rules in order to prevent omission; for instance to begin with the 
walls of the foundations, then the plinth, then of each story separately. 

In buildings which are uniform in plan, the different j)arts can be sufTi- 
ciently described in words, as, outer long walls, main long walls, par¬ 
tition walls in verandahs, &c.; in buildings whose plan is intricate tliis 
would not be sufficient, and a horizontal section of each story must be 
given, %ad each wall marked with distinguishing letters—thus, walls, a, b, 
C, X, 7/, &c. 

Walls haviug the same thickness and height should be set down in se 
quence, so that their lengths being added together, tlieir sum multiplied 
by their common thickness and height, gives the cubic ftieasurc of the 
whole. • 

To prevent the calculation being too laborious, it is not usual to mea¬ 
sure Masonry more minutely than to the nearest quarter of a foot, and 
splayed jambs, &o., arc calculated as square, the largest dimension being 
taken, to compensate for the extra labor of cutting the bricks to gauge; 
and other such like arbitrary rules arc followed, which can only in the 
first instance be left to the judgment of the estimator, and afterwards to 
the practice of tiie Department, on which the revision of the estimate 
devolves. 

The value of Wood-work in India will generally be in direct pro¬ 
portion to the scantling; the extra labor in sawing up small scantlings 
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bciug made up for, by the fact, that timber of the larger ecantlings costa 
more in handling and putting up, and is more difficult to get without 
flaw. Very small scantlings which can be cut out of side slabs, sawn off 
from round timber to reduce it to a rectangular fom)||p|tre generally 
cheap. 

In Itoofs, the timber sliould always be calculated separately in cubic 
feet from the superficial covering—bolts and straps in trusses should be 
enumerated and their weight ascertained. In heavy trusses allowance must 
be made for the cost of setting them up, as they cost a good deal more 
in moving and handling than untrussed and ligliter timber. 

The first object of an estimate is that the person directing the con¬ 
struction of a building, should know beforehand what it will cost; and 
if the estimate is greater than tlie sum available for its construction, in 
rvliat particulars its cost may bo reduced, either by retrenching its extent 
or changing the nature of the materials to be used in its construction. 

After the esiimale for a work has been sanctioned, the person on whom 
devolves the duty of constructing it, should know’ the quantity of materials 
required, and average number <)f workpcoj)le of each sort tliat will have 
to be employed; knowing this, it will be his duty to take care that the 
workpeople -ire properly apportioned to cat;h kind of work, that an average 
quantity of work shall under ordinary circumstances bo exacted from them, 
and that they are never delayed by materials not being always on the work 
and at hand. 

A daily record of expenditure being subsequently kept under head¬ 
ings co])iod from the details which appear in the estimale, the differen¬ 
ces which may occur between the estimate and real cost can be assigned 
to their right places, and theiratrue causes traced for future guidance, and 
thus the estimates and accounts become a check on each other. In order 
to their being so, it is evident tliat every heading in the estimate must cor¬ 
respond with a similar heading iii the accounts. 

lly frequent measurement of the work and comparison witli the quan¬ 
tities of each kind, which ought to be performed by the men employed, 
the overseer will be able to check idleness; if practicable, tlie workpeople 
should be paid at fixed intervals, and their work measured before each 
payment. 

The estimate will likewise enable the Engineer to calculate how long his 
work is likely to take according to the number of workpeople employed, 
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which is regoiated, either by the number procurable, by the extent of the 
work which allows only a certain number to be spread over it witliout inter¬ 
ference with each other, or by the means of maldng arrangements for their 
being providi^with materialB; he will also be able to apportion the right 
number of workpeople of each kind, taking care to watch this apportion¬ 
ment, to judge whether peculiar circumstances may not render it inappro¬ 
priate, and whether some better proportion many not be devised. 

Forethought will especially bo reqm'site as regards woodwork and fit¬ 
tings, that they shall be ready beforehand so as not to delay the brick¬ 
layers ; also that scaffolding is prepared in advance, that laborers bringing 
materials shall cany them with the least expenditure of labor, and that 
therefore the approaches are made easy for them so as to occasion no waste 
of their time or strength. 

5fi. The following is abridged from the P. W. Code:— 

The papers to be submitted with any project will consist of a Report, 
Specification, and a detailed Calculation of measurements and quantities, 
with an Abstract showing the total estimated cost of cacli description of 
work. These documents together fonn what is commonly called “the 
Estimate,” though the term more properly denotes the two latter only. 

The heading of every Estimate shall specify clearly, but in general 
terms, tlie nature of the work to be done, and the locality. When not 
at one of the principal st^itions, the pergunnah and zillah, as well as the 
town or village, must be mentioned. 

The heading will be followed by a list of references, embracing the au¬ 
thority on which the Esfimate is framed and all the correspondence on 
the subject. 

After the list of refisrenccs will be inserlbd the Report, stating in brief 
terms the object to be gained by the execution of the work estimated for; 
discussing the rcasous for the adoption of the estimated project or design 
in preference to otliers; and .explaining any peculiarities which require 
elucidation. The time within which the work may be expected to be 
completed must also be mentioned. 

After this will follow the Specification, which must show fully and 
clearly, but as briefly as possible, the details of the work, how each portion 
is to done, and what materials are to be used (see above). 

57. A Specification should commence with a general description of the 
locality or proposed site of the work, unless a more detmled report is called 
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for. For works such as bridges, docks, roads, canals, &c., minute detail of 
localities and their adjuncts are necessary; and in general a block plan 
should be given for reference, on which will be shown the drains, sewers, 
&c. The specification should next proceed to an account of the work itself; 
that is, its intent and purpose, character, arrangement, and style. 

The specification sliould then give 4 complete detail of construction and 
?natcrials, and shotdd be divided (sujiposing a building with a roof) into the 
diffi^nt parts as tlicy generally occur in construction, viz,:— 

1 sthf. The preparation for the Foundation either on the natural soil after 
excavation, or by artificial mcains such as piling, concrete, framing, curbs, 
&c.; and in connection with this subject should be detsiiled, the mode of 
drainage, the disjjosition of open or covered drains, sewers, &c, 

^ndly. The llrick-work of foundation, plinth and superstracture, detail¬ 
ing the kind of plastering, and whether on one or two sides, white-washing, 
coloring or painting, with the nature of the materials to be used, 

Zrdhf. Htouc-work, the kind of stone, and how connected, whether by 
cement or iron cramps. 

Athly. The Hoof, whcllier timber or iron; its nature, construction, detail 
of component parts; its covering, whether tiles, bricks, planks, thatch, &c.; 
means to be adopted (if any) for seasoning the timber, or preventing its 
destrnciion by moisture, or white ants, and brief calculation of the proof 
that it is capable of sustaining, the weight to be assigneifto it. 

hthhi. Tlio Flooring, its nature, mode of raisiflg, whether solid or by 
flues; means (if any) fur prevention of damp. • 

fjtldy. The Hooi's and Windows, the material of which composed, con¬ 
struction, mode of hanging and fastening. 

Ithhj. All Iron-work unconnected with the foregoing items; such as 
railing, gratings, wall-tics, «Src. ^ 

The Painting of all kinds and colors, Varnishing, &c.; and lastly, 
the I'ltliugs and fixtures, such as staircases if of wood (if of masonry tlicy 
will come under that head); simshades, ceilings, partitions, fire-grates 
punkahs, mats, water-closets, pumps, cistems, &c. 

The conclusion should show the means of clearing away all rubbish 
and spare materials, formation of roads or walks, trimming, clearing the 
ground, and placing it with out-offices, walls of enclosure, &c. (specified 
for as above), in a proper state to be finally surveyed or made over to the 
authority for whom it is destined. 
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Form op Speoipication. 

68, Foundation .—All rock, soil, or rubbish necessary to leave the site 
of intended building clear and unencumbered, foundations for footings of 
all drains, cess-pools, vaults, &c., to be properly excavatwl, refilled, ram¬ 
med, and levelled, diuining off all water and soil vrhich may affect the 
excavations from springs, currents or drains. The excavations or beds of 
all footings to be made level and perfectly consolidated, the depths* and 
widths as shown in drawing No. Fig. 

N.B .—^Nature of soil upon which the foundations ore to he placed to be ascertained 
previous to framing estimate, by boring, and all previous information collected to 
avoid as much as possible future dc\iations from plans. 

An artificial Foundation to be made for (certain parts of, or) the entire 
building (for reasons given) feet in width and feet 

deep, the same to be composed of one part of fresh quick lime, three of 
coarse sharp sand, and six of broken stone or vitrified brick; or two parts 
of stone (or Jeoah) and one of sand witli as much lime as will make good 
concreted mortar with the latter ; to be mixed in small quantities, the lime 
being moderately slaked at the time of admixture, and the whole thrown 
from a height of not less than 10 feet into the trenches ; the fomidations 
being formed in successive layers of 6 inches tliick, till the required depth 
is obtained. « 

An artificial Foundation to be made for (certain parts of, or) the foot¬ 
ings of the entire buildings with sound piles . feet long 

inches diameter pointed with iron and iron-hooped, 
to be driven by proper apparatus, the situation and relative distance to be as 
as shown by sketch, Mg. ( ) sleepers " x "" 

over each row of piles and ' planks of wood pro¬ 

perly spiked over them, f 

69, Brick-ioork .—The Brick-work to be English bond, constructed 
with hard burnt, sound bricks " X " X " laid in mortar composed 
of part lime and parts clean sharp sand, or the best well-burnt and 

sifted soorkliee, the footings and walls to be of the varying heights and 
thicknesses figured ii^the drawings. 

Flat and counter or relieving arches to be turned through the entire thick¬ 
ness of walls of (1 or 1-|) bricks deep over all lintels and bressummers. 

Inverted arches under external or other openings from pier to pier, 
as shown in Fig. ( )• 
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Basement walls to level of lower floor to be plastered externally, and 

remainder on both sides with | gooittee } interior of rooms 

to be finislicd olT with the best lime plaster and white-washed, three 
coats. A cornice of brick-work, as per annexed sketch, to be constructed 
along walls projecting inches, 

with proper moulding well plastered. 

Balustrades, as per sketch (to be given in the margin) to be continued 
along walls, composed of plinth, pedestals, and coping, cemented to¬ 
gether and plastered. 

The angles of walls to be finished with 

(roughly wrought) or (fair wrought) chamfer channelled quoins as per form 
in Fiy. ( )• , * 


do. Stone worh. —Staircase, or steps at to be of 

stone 1 inch thick, tread to be 15 inches wide, and risers G inches, nosings 
If Gothic dc'sitfii, tlic hnttrcsscs, gable caps, or jannaclcs, to be allnded to with 
details and marginal sketclies. 

moulded, witli hand rail of cast-iron or wood. rpoms 

or courts to be paved witli stone ' inches thick, bedded on solid 

bottom of beaten rubbish and jointed in mortar. 

Plijith nmier columns to be f(»rraed of lop and side casing of 

stone properly bedded on the brick-work, of 
section and form as per skcslch Fig. ( ) cemented with best mor¬ 
tar and irmi cramped, columns or piers to be of stone, with 

moulded cai)itals and bases, plain (or fluted) shafts. 

Arches whether with archivolts or radiating stones, plain or otherwise ; 
piers, k('ystones and springing stones. Wall of to be stone 

capped of sectional form as shown in Fig, ( ) or marginal .sketch. 

Marble. — Iloums to he paved with 

marble executed w’ith finest pos.siblc joint, levelled and uniformly and thor¬ 
oughly polished; paving to Ihj not less than inches tliick on a 

course of brick flat firnily bedded in well rammed brick rubbish. 

61 , Hoof. —The roof over • to be flat. The beams of 

wood, scantling x " well seasoned, placed 3 feet apart from 
centre to centre and having 18 inches rest on tlm walls, on wall plates 

of (continuous or otherwise) openings ^ X "to 

be left round the beams for ventilation. Burgahs of wood " x " 

placed 1 foot between centres. The whole of the wood-work to be sub- 
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mitted to a process of saturation in chloride of zinc; or coated, at the 
wall rests, with coal tar laid on hot, or yellow orphnent. The covering to 
be of tiles inches thick, each closely jointed together with mortar, the 
upper layer well cemented, proper arrangements in the level being made f<ir 
the perfect drainage, and by scupper holes with gratings' at the mouths 
leading to vertical (earthen or iron) pipes inserted in the wall, or to earthen 
well baked spouts (with or without horizontal gutter). 

Or, Covering to be of two well-burnt tiles jointed with mortar and 6 
inches thickness of terrace, formed of six parts large and small semi- 
vitrified koali with as much lirnc as will cement the whole; the mass to be 
laid on in two layers, well beaten down to 4 inches, and finished with well 
beaten soorkhec terrace and litne coating. 

Or, Eoof to be timber tmssed as per detail in( ) trusses to 

be not more tlian feet apart, scantling as below, viz.:— 


Bafters. '' X " 

Tie-bcflm. " X " 

•Stints. '' X 

Purlins. ''X 

King-post. " X " 

&c., &.C. 

Or, Rafters framed on to tie-beams and iron strapped, tie-beam to have 
a rest of 18 inches on wall, king-post to be uniled to tie-lteam with iron 
strap and bolts, struts dove-tailed into shoulders of king-post, and ridge 
pole notched on to head of the same. Tlic whole of timber 

well seasoned, and submitted to saturation in chloride of zinc or coal tar¬ 
red ; battens or purlins '' X ^ apart, to receive pantiles, or two flat 
tiles, or terrace (as above), or one flat tile jointed in mortar, and over that 
Grecian tiles laid as per Fig. ( ). Eaves of roof finished with 

boards " X " and rain water gutters (or without) of zinc, sheet-iron, 
or semi-cylindrical earthen drain tiles. 

Or, Roof of cast-iron beams as per section, Fig. ( ) placed 6 feet 

apart, from tlie flanks of which to spring'single brick arches in cement 
rising 9 inches. The whole to be terraced over with a thickness of 3 indies 
well beaten koah, between which and the arch, may be inserted a thin layer 
|-inch of asphalte or coal tar and forge ashes. 


(2V.B.—The above construction answers very well for godowns of cither one or two 
stories, jails, arsends, barracks, &c.) 
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Or, Roof of wrought-iron trasses placed 6 feet apart as per Fig. ( ); 

pripcipals to of X or fiat bar iron " y, " \ tic-rods and tension rods of 
section, respectively, as marked on the detailed sketches; rafters abutting 
in a king-head of cast-iron, which also receives the upper ends of 
tension rods. Tlie feet of rafb'rs let into cast-iron shoes resting on the 
walls, and to which are bolted the ends of the tie-rods. Tlie struts of cast- 
iron, lower ends formed as a jaw to receive the tension rod, and the rafters 
bolted through the upper ends with f-inch bolts. 

Rattens of (or square or flat bar iron) ^ y, " rivetted to rafters 
inches apart or battens of (teak or saul) x " ridge pieces 
of cast-iron with caps overlapping the upper layer of tiles. 

The covering of either of the kinds mentioned above. 

03. Flooring. —^I'hc floors of room to bo flued as per Fig. 

( ) showing plan and section, piers and openings, the arches to bo 

single brick well jointed, spandrells roughly filled in, and the whole finished 
off with a terrace 4 inches thick, of welI-l)oaten koah and lime coated, (or 
left rough to receive -^-inch layer of asphaltc). 

Or, Floor to be filled in with earth and well-rammed rubbish, over which 
to* be a course of brick flat in mortar and terrace as above, or square tiles 
in cement cluse jointed, or, brick-on-edge with best burnt square bricks, set 
with close joints, over a brick flat in mortar. 

Or, teak lK>ardcd, planks well seasoned and inches thick, 

screwed down to sleepers, saturated in chlorido of zinc, or coal tarred; 
scantling " X " restmg on blocks of good masonry ^ X '' 

63. Doors .—Doors of to be of wood 

(double or single) planks with bedded joints, nailed to three back braces, 
and hung with hinges to a wood frame " X *' (lock or 

latch). 

The to have doors of 2 inches thick framing, filled in 

with inch battens of wood properly seasoned, and backed 

with diagonal braces hung with wronght-iron H |-L hinges to frame 
" 5< " of wood (lock or latch). 

Sudi arc proper for godowns, coach-hoases, barrack onfc-offices, &c., and 
may be made either witli or withont swing bm:, and strong iron rolls.) 

The ' to have 1 or 1|- inch wood panel doors 

hung with (brass or iron) ,butt hinges to frame " x " lock of (brass or 
iron) and inch slide (thumb or knobbed) bolts. 
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Tlio to have (entire, half or two-thirds) glazed doors (or win¬ 
dows) frame 2 inches thick wood, witli |-inch iLick beddings 

to receive glass " x " panels of 1 or inch wood, with edge 

mouldings, and hung to (single or double) rebated frame X by (iron 
or brass) butt hinges, and furnished witli inch sliding bolts and lock. 

The to be fitted with (entire or) two-third Venetian 

valvcd doors (or windows) frames 2 inches thick of 
wood, well seasoned valves ^ or :^-inch thick, close fitting and weather 
tight, hung with H or I ■ L hinges to frame " X ” (double or single) 
rebated (in connexion with, or) independent of the glazed doors or windows 
as above to be fitted with sliding (thumb or knobbed) bolts inches 
long. 

(iViZ?,—Italian windows, fan-li^'hts, and other varieties will of course he mentioned, 
as also whether the aboA'c ore “ suigle ilapjicd ” or donblc I'oldint' demrs.) 

64. Iron-work. —Tlic posts as per Fi<j. ( ) or marginal 

sketch, to be of wood " X " with cast-iron boxed and tenoned ‘ 

caps and bases. Cast-iron columns to support to be cast hollow, outer 
diameter inches, and metal one-fifth of that diameter in thickness, cast- 
iron plates as per Fig. ( ), bases let into stone blocks " X " dlid 

run witli lead. Cast or wrought-iron grating to be fitted to air holes in 
the basement " X also to gutter drains of 

Iron railing (cast or wrought) where shown in drawing to be fixed 
(if to wood, with screw bolts; if to stone, to be run with lead) also the 
rails or balusters to lauding steps, balconies or verandahs 

feet high with (iron eft wood) handrail. 

Iron barred frames to be fixed to the windows of indi square 

bars let into horizontal flat iron 3" x screwed to Uie soffit and sill of 
wooden frame " X ^ 

65. Painting. —Wood-work of roof to be painted with color in 

oil (3 or 4) coats doors (glazed, panel, or Venetians) of 

to be painted in oil color, three coats, the paint to have the 

proper mixture of best turpentine and linseed oil (Europe) to enstufe quick 
drying. 

Other wood work, if any, to he mentioned, and also any partitions, doors, hand¬ 
rails, &c., requiring varnishing merely (two coats). 

66. Fittings. —Staircase at of wood framed into skirting, 

with treads and &" risers, moulded nosings, hand-rail, with cap, &c., 
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snpportcil at angles with wroiigbt-iron column inchpa 

diameter 

Punkahs 'X 'of 4-inch wide framing of wood, covered with 

cloth, painted color and hung to 

iron or brass hooks in the beams, with cords, brass pnllies and pulling ropes 
to be provided, and fringe inches deep. 

Here also mciitinn any otlicr fittings ncccasai'y or whore cmorgcntly applied for 
and applicable to the building. 

67i Estimate .—Every Estimate, not being for ordinary repairs, must 
be accompanied by drawings of the work to be done, showing the dimens¬ 
ions of each part. 

Every Estimate shall contain, distinct from the specification, a statement 
of the detailed moasnremonts of the works agreeably to the drawings, with 
calculations of the entire quantity of each kind of work to be done, in 
cubic, superficial, or running feet, or otherwise, according to the nature of 
the w'ork. 

Estimates shall he made out agreeably to the following fonn:— 


Uktait, of WOllK. 

No. 

Measutie- 

MKNTH- 

Qtiastities. 

L. j n. IT. 










All Estimates must have Abstracts, showing the cost in Rupees of each 
kind of work, at so mneh per foot, or per hundred cubic, superficial, or 
running foot; which Abstracts must be so di-awn out as to show distinctly 
the cost of each building or work included in tlie Estimates, as well as the 
total quantity, rate and cost of each kind of work to be done. 

A charge of 5 per cent, for tinforcscen contingencies must be added to 
the Abstract of every Estimate. 

Every Estimate must hc^n all respects complete and intelligible without 
reference to any document but the drawings. 

The rates of Estimates must be calculated to cover the expense of the 
Work Establishment, as well as the cost of sheds for materials and work¬ 
men. Extra Establishments must be applied for separately. 
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68t Xn framing Estimates tiie following points most be attended to:— 

I. Every kind of work must be estimated by the cubic, superficial, or 
running foot, or 100 cubic, superficial or running feet, or by the maund, 
except in the case of miscellaneous petty works, which should be entered 
as petty works in Carpenters’, Blacksmiths’, or Masons’ (or other Artifi-. 
cers’) work, as per list, and each kept separate as far as practicable. 

II. In estimating the brick-work for buildings the cost of excavation 
for foundations will fall upon the rate of brickwork, which will be all 
included in one item, embracing foundation, plinth and superstructure. 
Two-thirds of the contents of openings must be deducted in calculating the 
quantity of brick-work in the walls, in all cases where the opening is to 
be covered by a single fiat arch; but when a second or discharging arch is 
to be turned, one-tliird only of Uie openings will be deducted; if the open¬ 
ing bo covered by an elliptic or circular arch only, the opening will be 
deducted to the springing, leaving the contents of the head to cover the 
expense of arching. All splays will be calculated square. 

III. Plastering, painting, and white or color-wasliing must never be 
mixed up with masonry, but will be separate items. Inside and outside 
work of these descriptions may be included in one item at an average rate. 

IV. Timber-framing is to be estimated by the cubic foot, and the cal¬ 
culation must be shown in the detail of measuremerfis iu the same way as 
the calculation of brick-work. This mode is applicable to all wood-work, 
such as beams, burgahs, trusses, rafters, and other parts of roofs, wall- 
plates, architraves, door-frames, &c., &c., &c., and the rate will include the 
cost of raising and fixing, but not painting. 

V. The scantling and distance apart of the timbers and the thickness 
of the covering of roofs must be stated, and the authority or calculation on 
which the scantling of tlie timber has been fixed. 

VI. Covering-in roofs must never bo included in the same item with 
the timbering; each separate kind of covering wiU form a distinct item. 

VII. Doors, windows, weather-boarding and planking, and gratings of 
all kinds, will be estimated by the superfici^ foot. Glazed, panel, and 
Venetian doors and windows, may be all placed in one item at an average 
rate, and batten-doors and other kinds of planking will be placed in one 
or more other items, as may be convenient. 

VIII. Painting will always be a separate item from wood work. Each 
kind of painting will be a distinct item. Painting Venetians may be esti- 
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mated by calculating the Buxicriicinl area at 50 per cent, in excess of a plfun 
surface of the same size; and the glazed*part of windows and doors may 
bo allowed for, by deducting one-third of the gross area calculated as a 
plain surface. 

IX. Cornices and mouldings must in ordinary cases be estimated by the 
superficial area; the calculation to be made by adding the projection to the 
depth, multiplying tlie sum by the length, and doubling the product to 
cover the extra expense of moulding. The projections made in the brick¬ 
work should be taken as rectangular, calculated in cubic feet and included 
ill the brick-work. 

X. For iron-work, the weight must bo calculated from the dimensions 
in the “ detail of measurements," and the cost estimated by the maimd; 
coarse, and fine wronglit-iron may be separate items; as also cast-iron. A 
cubic iucli of wrought-iron weighs about 0'13G of a seer, or 0‘0034 of a 
maund. A cubic inch of cast-iron weighs about 0T28 of a seer or 0-0032 
of a maund. 

XI. When any work is to be done which is not specified above, the 
Executivi! Engineer should endeavour to divide the charge into items, ac¬ 
cording to the order in which tlie work is done; so tliat the Daily Abstracts 
may be furnislied scpar-ately for each separate item, and thus the rates of 
work will be readily compared with the rates of the Estimate. 

XU, No fractious of tlio cubic, superficial, or running foot arc allowed 
in the calculated (quantities where the work is estimated by tlie 100 feel, 
and only fractions to tlie extent of two places of decimals where the work 
is estimated by the foot. 

XIII. No fractions of a rupee (i. e., no annas or pies) are to be allowed 
in any Estimate, except when necessary to accuracy in the rates, and then 
the fraction must bo as simxjle as possible; decimals of the ru^icc may be 
used in rates. 

XIV. When any fraction of a rupee or of a foot occurs in calculation 
and is omitted, the sum will be increased by a unit, if the fraction is more 
than half, and the fraction will be simply omitted if it is less than half. 

For further details, the reader is referred to the “ Examples of Estima- 
ting, " published at Koorkce. 



SECTION VII.-BEIDGES. 

CHAPTER XXIX. 

TEMPORARY BRIDGES. 

69. Biskore entering on the subject of Permanent Bridges, it will bo 
useful to consider the temporary expedients which arc so often resorted to, 
especially in India, for the passage of rivers and streams, ivhcre a want of 
time, money, or skill, prevents the employment of more durable methods. 

• The first of these temporary expedients aro Paved Canseu'aif.t, Many 
Indian water-courses, as will bo explained further on, are dry, or nearly so, 
except during the rainy season. In some of the very dry districts of the 
North-West, the water-courses often contain no water for eleven months 
out of the twelve. The beds of such streams are, therefore, iii general, 
passable without a bridge, but they require to have the banks cut down to 
an easy slope, and the bed of the stream to be paved for a sufiQcient width 
to save the labor of draft through heavy sand, or sand and water combined. 

Tills paving must be laid strong enough to withstand the rush of water 
during freshes, and may be of brick or boulder-s set in mortar, or of concrete. 
The thickness of masonry in each case must depend on the nature of the 
bed, and the force of water when the river is in flood. To gnard against 
scour and to save masonry, the depth on each side may be greater than in 
the centre, so that the roadway may bo protected as by curtain walls. 

70. The following is a description of the Causeway across the Soane, 
where the Grand Trunk road crosses that river:— 

The distance from the western extremity or head of Uic causeway to the point 
where the Baroon bank of the river rises above ordinary floods, and the metalled 
Grand Trunk road again commences, is 11,450 feet. 

The line of the causeway having been marked out, common Jungle hullafi piles 
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were driven in two parallel lines, at a distance of 17 feet apart, to a depth 
of about 15 feet; the sand having been excavated mth shovels in the ordinaiy 
way. Between tiiesc piles down to the water level, or a little below, bamboo frames 
with palm true leaf mats were forced down behind, to prevent the sand from the 
sides slipping into the excavation. Tlie remainder of the sand l>elow water level was 
excavated to the required dci'th by means of llic ordinary well sinker’s jhain,* worked 
from temporary stages on eillier side of the exeavation. 

A layer of gunny hags filled with concrete eunqtosed of two parts Soane shingle, 
one part scMwkliee, and one part, kunkur lime, was then set os closely packed as pos¬ 
sible over the whole bottom of the excavation. 

Over this a layer, 2 feet. (5 inches dceji of rubble steme, set in concrete, of the same 
proportions as atiove is ]ibiced, and oii this the roadway, formed of roughly cut stone 
slabs 1 foot thick, from 1 fijot to 1 foot and li inches broad, unti alternately 9 and 
7 feet long, so as to break joint with each other, is formed ; all irregularities of 
lower surface of the slabs being earefuliy jiueked uj) uitli ruliblc stone, the joints 
made as narrow its i)ossiblo vvithoiit actually dressing tlic stone, and thoroughly 
filled uj>, grouted, and jioiuted witii the l»cst kuiiknr lime and soorkhee hydraulic 
mortar; any considerable roughness and im-gularities of the surbu'c was tlicn ehipiied 
down and levelled by stone-cutters ; no nttcmjit Ifcing, however, made at anything 
a]>})roaeliiiig line ib-cssing, the whole or any jiart c)f the surface of the stones, w'hich 
would have been objectionable, as eniising tlie road to be dangerously .slipj)cry. 

71 , Temporary Woudea Uridyes may also be adverted to Iicre as distinct 
from I'ormaiieiit timber bridges, which will he noticed further on. A few 
of the simplest forms are given, which may bo made up by common carpen¬ 
ters and of almost any wood procurable. 

Jtope Jiridyea of various designs arc used to cross mountain torrents 
which run Ijotwcea high stoop banks in the hills. Li some a single rope is 
etretohed across the stream and made fast to trees on either bank; a sort of 
cradle in which the passenger sits, is slung on tlie rope and pulled across 
by means of ropes worked from either sliore. In others the bridge con¬ 
sists of three ropes, one for the feet and two others for the hands of the 
traveller, kept asunder by triangular pieces of wood jdaced at intervals. 

It is evident that neither of the above is suited for the passage of ani¬ 
mals or vehicles, 

Huspension Bridges of rope and bamboo are also in use. There is one 
of this kind near Calcutta 175 feet span. 

73. We may next consider Ferry Jioats, which are in use on nearly all 
the large Indian rivers, but arc often replaced by boat bridges during the 
cold season. The boats are almost invariably those used by the natives 
from time immemorial, though these differ somewhat in shape on nearly 

• So Hpeciflod in original, Imt the jhnms used were much smallef and set at a less angle to the pole 
thiui those used in well sinking.—C J. M. 
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crery separate river. In general they are flat bottomed and very clumsy, 
and it is astonishing how seldom pains are talcen to adapt them better to 
their special purpose, so as to be more accessible from the shores, when the 
water is shallow, to both animals and vehicles. 

The following is a description of a ferry boat used in the Jlarcilly dis¬ 
trict, which seems to answer its purpose very well:— 

Two narrow boats, 50 feet long and 5 feet broad at the bottom, spreading out to 
10 at the top, with fine shaq) bows, arc put G feet apart and joined together with well 
bolted beams. These beimis, being covered with thick planks well bolhsd down, make 
a platform 28 feet sqnaiv, which will carry a nnmiier of vehicles, animals and pas¬ 
sengers. Towards the how and stern arc stiff railings, and on each side gong-boards 
(6 feet brood, and nearly the whole length of the platforms), which cun l>e lowered 
to the land piers bo as to admit of a carriage being driven on without uuLamessing. 
These gang-boards when raised, which they can easily be witli tackles, form high 
defences between the ]>asscnger8 aud the river, on bolb sides of the platforms. 

A paddle-wheel* 5J feet broad, and 8 feet in diameter, turned between the boats 
in the after-] tort by two cranks, one on each boat, worked by eight men at each, or six¬ 
teen men altogether, will secure a speedy passage across, or it may be worked by a 
couple of men on board, by means of a cajistan aud eulilc, tlie latter having an end 
secured on each sulc of the river. 

73, J5oat Bridges are maintained over all the great rivers on tlie main 
lines of road from Heptemher till June, and occasionally all the year round 
where the stream is not too wide, or where it can be narrowed by the em¬ 
banked road being carried for^Yard on each side, so as to restrict tlie deep 
channel within reasonable limits. This might be done oftencr than it is, if 
effected gradually in successive years, so as not to oppose the river too 
violently at first, and to give Uic earth-bank time to consolidate; and even 
if there were no immediate prospect of building a poriuanent bridge, it 
would make the passage far less troublesome, and improve the re gimen of < 
the river in readiness for a permanent work hereafter, though it would in¬ 
crease the difficulty of getting in the foundations. 

To make a Bridge of Boats, tlie boats are anchored head and stem at in¬ 
tervals apart, and connected by balks of timber to support the planking of 
the roadway. No unequal boats should, if it can be avoided, be used in the 
same bridge; for as vessels of different magnitudes are immersed unequally 
by like weights, and the tops of their gunwales are not in the same plane, 
the floor of a bridge laid on them would be sunk unequally and out of level. 

If the boats be very capacious, though of different sizes, the difference of 
vertical immersion will be so trifling, even when the heaviest bodies are 

* The paddlo wheel is covered in on both sides uid above, and on the cover is the steering wheel. 
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passing, as not to affect materially the stability of the oonstraction, or 
require any particular precaution on account of unequal powers of 6oala- 
tion; but when small boats of different capacities are used in the same 
bridge, the intervals should be reduced, and regulated accordingly. 

In rivers exposed to muefh agitation from wind or floods, the construc¬ 
tion of a floating bridge should be such as to allow something for the 
individual motion of each boat, so that the bridge may have suificient 
flexibility to undulate a little with the swell, and thus yield to a force 
which might otherwise break or strain the beams. If beams, doubly 
keyed or bolted to each other, l)e prolonged, as if forming one piece, and 
rest on both gunwales of large boats, exposed by a heavy swell, to roll, 
or to rise and fall, it is evident that a force will be exerted to break 
the beams, if the motion impressed upon the vessels be too much 
restrained; and if, on the other hand, the beams be disconnected and laid 
from the side of one boat to the nearest gunwale of that adjoining, a 
small boat or vessel would dip, or heel, very much, under the pressure 
of any concentrated weight. To remedy this, f trestle should be fixed 
longitudinally in each boat, the upper surface of the ridge beam being 
raised a little above the gunwales, and the length of the trestle regulated 
by the intended width of the bridge. If tlie boats are large, and strong 
in the sides, the ridge-bcam may be fastened upon beams laid across the 
boat; but if, as is often the case with keeled boats, the sides and timbers 
are slight though their bulk may be sufficient to displace the necessary 
volume of water without much immersion, the trestle should l)c raised 
upon the kelson. ' ' m . • 

The balks should bo laid from trestle to trestle. The beams of all 
floating bridges should be nearly square, because, if the depth be much 
greater than the width, (as is the form in the construction of permanent 
buildings of timber,) they would be apt to turn on their side when the 
bridge is much agitated; and, would moreover, be deficient in lateral 
strength to resist the horizontal strains to which they may bo exposed. 
The length of the balks is regulated by the distance the boats are placed 
asunder, and this again depends upon their size, their nnmber, and the 
length and strength of the timber for beams. If the boats are large 
and strong, and good long beams can be procured, the intervals should 
be very considerable in a strong current, so that the water may bo allowed 
to pass with as little obstruction as possible. If good timber sufficient 
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to form beams of 8 inches by 6 can be procured, 20 feet may be allowed 
from trestle to trestle, and considerably more when vessels of 20 or 30 
tons are used. 

The boats nearest to the shore on each side being more particularly 
affected by weights moving on and off the bridge (on account of the slopes 
leading to the bridge from the banks, and the pressure thereby thrown 
upon the nearest boat), two of the strongest and most capacious vessels 
should be selected for the beginning and end of the bridge. 

The width of the roadway depends on the amount of traffic. On any road 
of importance there should be a double roadway which may bo separated 
by a centre railing. The greatest weight that can come on an ordinary 
roadway is that arising from a densely packed crowd of people, which is 
usually estimated at 120 fi>s. per square foot, and the weight of the plank- 
I ing, &c., may be taken at 20 lbs. more. If the roadway were 18 feet wide 
and 20 feet long from boat to boat, the greatest total weight on the floor¬ 
ing of one bay would be 50,400 Sis., which divided amongst five balks 
would give 10,080 fl)s. each, equal to 5,040 lbs. at the centre; if the beams 
were of sal, this would require a scantling of 8 inches square, though it 
would be better to make it somewhat greater. 

The flooring should l)e 2^ or 3 inches thick, nailed diagonally across the 
beams, and covered >vitli 3 inches of earth and stable litter. A railing of 
wooden posts connected by cliains may be fixed on each side. 

The balks are laid on the trestle in separate spaces, cleated off to receive 
them, and in which the beams work as the boats move in the water. The 
vessels are moored head and stem, and fastened together by pieces of 
timber lashed across tlie ends of the boats, to preserve the proper distances, 
and to save the balks from unnecessary strain. 

When there is not snffident depth of water to admit of boats floating 
within the proper distance from the river bank, and thns to form the two 
abutments, wharves, rafts, or trestles, should be constructed, and it is 
Bomcrimes necessary to prolong these to a considerable extent into the 
river. For tidal rivers, or those which are exposed to be much swollen, and 
consequently to have their surface level suddenly raised, as in the vicinity 
of a mountainous country, the trestles used for this purpose should be form¬ 
ed of two strong upright pieces at each end, with a moveable ridge-piece, 
whidi may be raised or lowered at pleasure, and readily adjusted to any 
level, by iron pins, on which the ridge rests. In rivers subject to floods, 
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the boats forming the abutment (and when the river bank is high, some¬ 
times tlic two or three nearest boats at each end of the bridge) should each 
be fitted with elevating trestles of this construction, by means of which 
tlieir ridge-beams may likewise be lowered, or raised, in due proportion, to 
give an easy degree of slope from the banks to the bridge, when these are 
so high, or the water so low, as to require the ^slopes to be thus pro¬ 
longed. 

It is indispensable to provide, in the construction of all floating bridges, 
for making, readily, an opening in that part which lies in the most rapid 
part of the current, so as to admit of the navigation of the river being 
opened, and of the passage of any floating bodies, which might otherwise 
endanger the bridge. The moveable part is constructed on two, and some¬ 
times on three or more, boats, according to tlie magnitude of the river, and 
is formed into a separate portion, of length snflicient to fill exactly the re¬ 
quisite space. The beams of the moveable part project about 1 foot over 
tlic outside gunwales of the outward boat, the beams of the adjoining boats 
on each side, likewise project over their sides; and the ends of the beams 
are covered, so that they may not hitch in each oilier in reforming the 
bridge. The planks, or floor, are fastened down to the beams throughout 
the bridge by curb pieces, clamped down with wedges, except at the junc¬ 
tions of the standing and moveable portions, where the planks are attached 
to those adjoining them by hinges. The moveable portion of the bridge is 
provided with two large anchors, laid upwards in the stream, and a strong 
hamcr is fastened to each standing end of the intended interval. The boats 
forming the moveable portion are likewise provided with rudders or steer¬ 
ing oars, and windlasses. To open the bridge, the outside planks of the 
moveable and standing parts are folded back, to uncover the projecting por¬ 
tions of the beams. The wedges, by which the beams of the standing and 
moveable parts are clamped, are tlien driven out and the cables and hawsers 
cased off; when by the immediate descent of the moveable portion of the 
bridge in the current, an opening is quickly formed. The moveable part is 
then obliqued, by the influence of the rudders, to a convenient position behind 
either standing end. The method of re-forming the bridge is suflSciently 
obvious. 

Where proper anchors arc not available, wooden cribs filled with brick 
or stone, of the annexed pattern, may be used, and held by ropes or chain 
cables. 
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74t The following is a short description of the bridge of boats over the 
Jnmna at Dellii. 

Dtuing the rains the nwin 
stream of the river is 586 
vards broad at the bridge of 
boats. Seventj'seven boats 
and fifty-two doable pla|p 
forms constitute the bridge 
in the rains. 

Daring the dry montlis 
it is necessary to bridge 513 
yards, which takes sixty-six 
floats and forty-seven doable 
platforms. The water covers 
but 178 yards, in which there 
arc twenty-three boats and 
seventeen double platforms. 

'I'he remaining 335 yards are 
sometimes dry, and some¬ 
times under water, and in this part there arc forty-three boats and thirty double jdat- 
forms. 

'I’hcre is a double roadway railed off on cither side. Travellers and convcynnceii 
going from cast to w'cst arc kept on one side, and those from west to cost on the other. 
There is a pair of platforms bctw'een the boats witli a few exceptions. Only 18 boati* 
belong to Government, the rest are hired at Rs. 10 a month each, for which the owner 
provides a boat and a miiUah to each boat. Seventeen of the Government Boats were 
linilt in the Hills some years ago and cost Ra. 450 each ; one boat was built in Delhi, 
end cost lis. 0C5 ; a pair of platforms cost Hs. 144. 

75, Pontoon Bridges are superior to boat bridges for civil purposes, 
but their first cost is somewhat greater, and hitherto from the difficulty of 
getting iron work made up and want of transport, they have only been 
occasionally used in Northern India. A very excellent one has lately been 
constructed across the Ganges at Cawnporc, the iron pontoons having been 
made in the workshop of Messrs. Palmer and Co., at that station. 

'I’he following is a description of the one at Agra, which has been in use 
for many years. 

The Agra bridge is supported on cylindrical sheet iron pontoons; the total length 
of the pontoons is 30 feet 8 inches ; the middle part is S feet 8 inches in diameter, 
for a length of 22 feet. The ends are egg-shaped, the thickness of the sheet iron is 
^inch, and the sheets are rivetted together with j-inch rivets, spaced from 2 to 1 { 
inches apart from centre to centre. Each pontoon has a man hole, and a small hole 
for tlic mooring chain; the mooring chains vary, but arc in general long linked chains 
2-inch diameter. No anchors are used, their place being supplied with blocks of stone. 

'ITie pontoons are spaced 18 feet apart from centre to centre ; on the pontoons, and 
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resting on a timber saddle, the longitudinal beams arc placed, the two outside and the 
centre one being 8| inches square, with four intermediate (mes 8| inches deep, by 5 
inches broad, making in all seven beams; upon these beams, the planking, consisting 
of one thickness of 3 inches s&I is placed. The width of this roadway or planking is 
26 feet: it is spiked down to tlic longitudinal beams at each outside edge of planking. 
Both above and below runs a longitudinal stringer of ski, 7 inches wide by 2^ inches 
thick; this is bolted together with wronght-iron bolts; on the top of this, posts spaced 
6 feet apart arc stepped ; between the ]K>stH run two lines of long linked j-inch chain. 
Inside ttic pontoons arc placed pro]>s of wood to stiffen them. 

To allow boats to pass up and down, tiiero are two pontoons each 4 feet longer 
than the ordinary ones, on which are arranged two crabs with binged platforms. 
These arc raised, the whole removed to one side, and returned when the boats have all 
passed. The arrangement acts very well. 

76. A Flying Bridge is formed by anchoring a floating body in a river, 
so as to receive the action of the stream obliquely, by which a force is de¬ 
rived from the current to move the vessel across the river. 

The boat A (see figure), fastened by a cable to a buoy, B, securely an¬ 
chored, will, in crossing from 
C, soon come into the line 
of direction of the current 
BD; and if she be steered 
in a proper degree of obli- ^ 
quity, she will pass through 
the ascending part of the arc 
to the bank E, whence she 
may be made to rccross to 
C in the same manner. 

The manoRiivro will be 
more easily executed with a long than ,with a short cable, for it will be in 
the arc of a larger circle. If a short cable BQ were used, the boat would 
have to ascend from G through a space equal to GH, to arrive at S, and 
consequently suffer great resistance from the action of the current. Also, 
resolving BS into BH, HS, wc see that the force BH supports the boat 
against the stream, whilst it is held to the centre B by the greater force 
HS. The movement therefore should not be made in a longer arc than 
90”; and when this rule is observed, the angle ABE never being above 
45®, the force EO wiU never be greater than OB. 

Whenever a long service of cable is used, it should be floated by inter¬ 
mediate buoys. 




CHAPTER XXX. 

PERMANENT BRIDGES. 

Fbrmanknt Bridges are made of Wood, Brick, Stone, and Iron. The 
use of wooden bridges is in India, however, generally confined to places in or 
near the Hills, where wood is cheap and plentiful; they are, also, sometimes 
used in the plains as temporary structures, until time or money can be 
spared to erect permanent ones, but the dcstructibility of the material, and 
the liability of its parts to be deranged by the violent atmospheric changes 
common in the East, render its employment in general unadvisable. Be¬ 
fore however the material can bo considered, ceitain points require to be 
gone into which are applicable to all kinds of bridges. Tliesc are—Ist, 
the Site; 2nd, the Waterway; 3rd, the Design. 

77. Site .—When the place where a bridge is to be erected is not deter¬ 
mined by the position of a road, which it is inexpedient to alter, the site 
which offers the most security for tlie foundations and the greatest economy 
in constmefion is to be preferred. If rocky foundations can be had, they 
will save much expense and anxiety; if not, any place where the river runs 
between high permanent banks will be good, as the river will not be liable to 
alteration, and the amount of water to be passed is cosily known. In the 
plains of Northern India, however, even this cannot often be found. Prom 
the flatness of the country, and the vast quantity of silt brought down by 
the waters of an Indian river during the heavy freshes, caused by the melt¬ 
ing of the snow in the hills and the periodical falls of rain, the bed is con¬ 
tinually being raised, and the course of the stream perpetually altered. 
No one who has not watched one of these large rivers for some years would 
believe the extraordinary changes that occur in quick succession. Take for 
instance the Indus, above its jimction with the other Punjab rivers. Its 
discharge in winter is 13,000 cubic feet, in summer at least 120,000. Its 
proper banks at the above place arc 3 to 4 mules apart. Its cold weather 
channel in one year may be 1,000 feet across. In the next year in tiic 
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some place there will be three channels instead of one, separated by islands 
of sand. The ferry has often to be shifted two miles or more, up or down, 
in two following years. In four years it cut away miles of bank, mea¬ 
sured perpendicularly, and threatened destruction to a laige town. The 
next year the deep stream sUlIl off to the opposite side three miles from 
the town. 

It is evidently impossible except at an enormous expense to bridge the 
whole of such a stream as has been described, nor indeed is it necessary. 
What must be done is to provide waterway for the largest amount of water 
that can ever be expected to pass, and at such a velocity as shall not bo 
dangerous, and then to connect the bridge with the high ground on each 
side by massive embankments carried across the valley of the river. For 
convenience sake the bridge might be built in the dry bed and the water 
turned through it when it was ready, it being an understood point tliat 
either the natural or artificial reach thus bridged should be as long and as 
nearly at right angles to the bridge as possible. It is also evident tliat the 
river should have as few assailable points presented to it as possible, i. e., that 
the piers should be few in number; which, of course, implies large spans. 
Hence is seen the great advantage in tlie employment of iron girder 
bridges. Wo can get in the foundations gradually during successive cold 
seasons; then proceed with the piers, and finally, with the superstructure, 
withoiit having recourse to numerous centerings for turning a large niun- 
ber of arches at once, which arc often suqirised by the river, carried away 
and the stability even of the finished ones endangered by all not being 
completed. In fact, the difficulty of constructing arches of large span in 
brick and stone within a limited time is often practically insuperable, and 
with small arches great obstruction is caused by the niuncrous piers, so 
that by the time a large bridge has been finished, it has occasionally hap¬ 
pened that the river has taken a new course altogether, leaving the bridge 
high and dry, and the water not to bo brought through it except at a 
ruinous expense. 

•With largo spans, the only fear is of the river carrying away the road 
embankments, especially when the earth is new, and they must be watched 
very carefully at every point across the whole valley, often many miles in 
extent. Their thickness must be great, they must be carefully made of 
rammed earth with a long flat slope on tlie water-side and well tnrfcd, if 
possible. Moreover, the river itself must be well watched for some miles 



u 


PEAUANBNT BKIDGKS. 


up-streain, and every exertion made to keep the Btream straight and 
uniform in its new ehannel. Little can be done in this way when the river 
is in hood, but in the cold season much may be effected with comparatively 
small means if judiciously applied. 

78, Though this subject properly b4^ng8 to the Improvement of 
Uivers, which will be treated of in a future Scetion, something may be said 
almut it here. The chief maxim to be kept in mind is, that to turn a stream 
by direct opposition is almost impossible,'while to lead it is comparatively 
easy, if wo go to work in the right direction. 

All subsidiary channels down which the water is inclined to rim should 
be dammed across ; for this purpose, sand d\ig from the bed of the river 
may be used, strengthened if necessary, by piling, or where the current is 
strong, old boats may be sunk. Meanwhile, tlie set of the stream should 
be carefully regulated, and any tendency to cut away its straight banks 
checked; and, for this puqiusc, fixed spurs or floating breakwaters are 
the most practicable means. 

SpK?’s may be formed of a doable lino of piling filled in with brushwood, 
and carried out at an angle from the shore towards the current. The force 
of the water is checked where it impinges on the sjiur, a new direction 
given to the emrent and a considerable depo.sit of silt takes place both 
above and below the spur.* It is calculated that each spur will protect a 
length of shojp five times its perpendicular distance from the bank down¬ 
stream, and three times up-stream. 

Where the water becomes too deep and rapid to continue the spura, 
floating rafts of wood may be fixed to their ends, and kept in the line by 
guy rope.s fixed on shore, or by anchors. These floating break-waters may 
also be employed alone; they diange the set of a current so long as they 
are in their places, but cause no du][)osit of silt, and arc therefore not so 
effectual a remedy os the fixed spurs. 

If the river succeeds in bursting the embankment at any point, the end 
of the breach should, he defended by piling and spurs, so that the breach 
may be a.s small as possible, and advantage taken of the first subsidence 
of the water to close it. Every year tho earth will become more and 
more consolidated, and finally, will be able to resist all the efforts of ttie 
water. 

• Tho above meona have lieon very Buocessfuny employed during the last two yean In pmtectiaf 
I’he town jlind oaotonmont of Dera lainael Kluin from destruction by the Indua 
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In most cases of such rivers, it is a matter of indifierenco where the stream 
is crossed, but a careful survey of the proposed site should be made, and 
also of the water-course and its environs, above and below, accompanied 
by borings or trial pits, to judge of the nature and description of foundations 
that will be necessary. 

79, Waienoay .—Hie Engineer’s next step after deciding where to cross, 
is to ascertain the amount of waterway which he must allow for his bridge, 
and very often this is a difficult task. 

When the banks are well defined and the river does not overflow, then 
the question is comparatively easy; but when, os with most Indian rivers, 
in the dry weather they are mere rivulets, or perhaps nothing, whilst in 
the rainy season they become floods, spreading over the countiy, the 
question becomes one of intricate calculation, inasmuch as it is difficult to 
determine what portion of the water is moving and what is more back¬ 
water. It is seldom also that the Engineer has opportunities of seeing the 
highest floods; therefore he gathers his accounts from others; or even if 
he should happen to witness a flood, he may not have means at hand of 
measuring the sections and velocities. 

Let AB represent the flood line of a river; it is plain that if we mea¬ 
sure the areas of each compartment jc, y, z, and s, and f^certain with what 
velocity the water is moving through each, wc shall know how much water 
actually passes by in a given time, say a minute or a sccotyl. 



Now, as water flows by reason of the slope in a river’s bed, if we know 
the velotiitics caused by certain slopes we can calculate what amount of 
opening would allow tbc whole of the water of the above section, to pass 
vmder a bridge at its mean velocity, and so avoid that heading up of the stream 
which, if carried too far, causes a velocity destructive to the bed of the 
river and so to the foundations of the piers of a bridge placed across it. 

The safest width of opening would, in many rivers be inconveniently 
great; we are therefore obliged to run some risk by confining the floods to 
narrower bounds.; and this causes a heading up or and in propor¬ 

tion to the perpendicular height of this afflux, will the velocity be. 

The accompaning Table shows that sand is moved by the smallest velo¬ 
cities, even so little as 6 inches per second, or about one-third of a mile 

K 
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per hour, therefore, the beds of our rivers must be continually moving, and 
the question to be asked is, “ to what depth does this river movement 
extend under certain velocities of current?” 



Velocity of 

Nattirp- of the bottom -which just 
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Experience alone can be our guide in replying to the above question. 
Colonel Abbott calculated the velocity of the flood 'which destroyed tlie 
piers of the bridge over the Hindun at 11 feet per second, and the elTcci of 
this velocity ■was to scoop out the sand to a depth 25J feet; it is plain 
therefore, that any velocity approaching to 11 feet per second, must not 
be risked in a river having a sandy bed. 

Captain Sharp, in boring the bed of the Jumna at Agra, came upon 
broken bricks at a depth of 23 feet, and tliis can only be accounted for by 
supposing, that the bed has been disturbed to that depth by the natural 
current of the river conflned by bold banks 1,300 feet apart. Captain 
Sharp judged the surface velocity at Agra to be 8 feet per second in high 
floods. Colonel Abbott calculated it to be not more than 6 feet per second, 
whilst he states the velocity of the greatest flood at Delhi at probably much 
less than 6 feet per second. 

There can be no doubt that a velocity of 5 or G feet per second is dan¬ 
gerous to bridges whose foundations do not rest on firm soil, or which are 
not carried to very great depths. This may appear a small velocity to 
cause BO much damage; observation has however afforded confirmation of 
the correctness of the assumption of this limit of velocity, under the arches 
of rivers 'with sandy beds, unless the foundations are carried down either to 
a hard stratum or to a depth of at least 40 feet. 

80f The following Tables give the amount of afflux caused by obstruc- 
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) tions in tlic river's course, and the velocity due to those affluxes can be cal- 

; culated by the formula « = ^/2^A, A being the afflux, and g being equal to 
3217. 
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HXAMi'i.E. — Tlic breadth of the 'rhames is ‘,120 feet. The sum of the waterways, 
old London Bridge was 230 feet. 'Die amount of obstruction, therefore, was about 
•TT) of the entire se'ction ; so that. ti velocity of 3J feet per seamd would give a fall of 
nciirly 4'75 feet, agreeing with the actual result. 

If therefore the section of the river and its velocities can be ac~ 
cur.ately measured, the amount of watc>rway in the bridge, so as not to 
cause a greater velocity tlian 5 feet, nor a greater afflux Uian 3 inches, can 
be easily ascertained. 

81. In order, therefore, to determine tlie required waterway for a 
bridge over any stream:—First, determine by enquiry tlic height of this 
highest flood ever known and correct the information, if possible, by flood 
marks. Tlicn take an accurate section of the river’s bed perpcndicnlarly 
to the course at the site of the proposed bridge, and calculate the area 
contained between the highest flood line' and the bed. Do the same at 
points one mile above and one mile below the proposed site of the bridge. 

Measure the length of the undulating line of the river’s bed in each cross 
section, and divide each area by this length; the quotients will be what is 
^ called the h^drasilin. m env tlcpth^ which will be found to vary very slightly 
j from the common mean depth, in mi^t Indian rivers. Add together the 
three mean depths so found, and divide by three, the quotient will be th« 
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mean of tiie three hydraulic mean depths,” to be used in the calcula¬ 
tion : vrritrif'tn inghao. 

Ascertain by means of a levelling instrument, the difference of level be¬ 
tween the river bed at the upper and lower section; that is, the amount of 
slope in the river for two miles; and write it down in inches. 

Multiply the hydraulic mean depth in inches by the difference of level 
just found (also in inches), and take the square root of the product, which 
will be the surface velocity (v) of the current, per second, in inches. The 
mean velocity (V) may be found from the formula, V := w — t/Z + which 
is, approximately V = u, when the velocity is greater, and when 
the velocity is less, than 3 feet per second. Algobraicably expressed, V = 
•9 fx/’jcis, where 

V = mean velocity. 
d =7 hydraulic mean depth. 

$ = slope of the bed per mile. 

8St Suppose the following figure to represent thu moan section of the 
three taken:— 



The area of this section is 4600, and if tlie length of the line A BCD 
measure 710 feet; then 4600 -r- 710= 6'48 feet, the hydraulic mean 
depth. 

Let us suppose that the two other mean depths were 6*8 feet and 61, 
then - ? 't'!! ■ * . ? = 6-46, which is the working hydraulic mean depth; 

O 

and in inches it will be 77-52. 

Say that the difference of level between the upper and lower sections is 
30 inches; then, 77-62 x 30 = 48-2 inches, which is the average sur¬ 
face velocily, and 48-2 x =s 43-38 inches, or 3-6 feet mean velocity in 
feet per second. 

Suppose it had been proposed to force the stream under three arches 
each of 50 feet span, springing at a height of 9 feet above the bed of the 
stream, then 3 X 50 X 9 = 1,350, is the area of the proposed waterway, 
and this is nearly three-tenths of the whole section, therefore the obstruc¬ 
tion will be seven-tenths. A reference to the above Table will show that 
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tliiu would cause an afflux of 3 feet for the above velocity of 3*6, which would 
give a velocity under the bridge = ^ 2 ^ x ‘A == 13^ feet per second, 
which would wear away anything but the hardest rock. 

^ 83. Having the mean velocity of the natural waterway, that of the 

artificial waterway may be obtained from the following expression:— 

t;= ® Vm, 

in which s and v represent, respectively, the area and mean velocity of the 
artificial waterway; S and V the same data of the natural waterway; and 
m a constant quantity, which as determined from various experiments, may 
be rejjrescntcd by the mixed number 1*045. 

Thus in the given case, to find the watenvay a, corresponding with a 
given velocity of 5 feet per second, 

s = y = ~ X 4600 X 1-045 = 3461, 

t; 5 

wliicb, divided by 9, the height of the piers, gives 384 for the length of 
waterway required, or 8 arches of 48 feet each. 

The fomiulaj and co-efficients used above are however adapted only 
to rivers, the outline of whose section is a nearly regular figure, which 
is seldom the case with Indian rivers in flood. They are capable of being 
modified however, so as to suit the circumstances of the case; thus, if wo 
suppose a river to have the following section:— 



The area of the whole is 15,800 square feet, the hydraulic mean depth 
is 10’5 feet or 126 inches. Suppose the fall in two miles to he 10 inches, 
then VTsg x lO X ^ = 31*95 or x 2*66 feet, and 15,800 X 2*66 
= 42,028, is the discharge in cubic feet per second, according to the gene¬ 
ral rale. 

But if we take the section in two parts, viz., ABCDd as one, and the 
triangle EDd as the other, and calculate them separately, we shall find a 
considerblo difierence between this result and that of our first computation, 
thus— 

The area ABCD<f = 15,200, the hydraulic mean depth is 16‘6 feet or 
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199-2 inches; then V J99 x 10 x == 40-162 inches, or 3-346 feet; and 
15,200 X 3-346 51,059 cubic feet per second, as the discharge for the 

one portion alone. 

The triangular portion has an area of 600 stjuarc feet; the hydraulic mean 
depth is 1 foot, or 12 inches; then \/i2>clOX^=10 inches nearly, 

the superficial velocity. And 600 X = 500 cubic feet, the discharge per 
second; therefore, 500 + 51,059 = 51,559 the discharge, instead of 
42,028, as in the first computation. 

84t The maximum surface velocity of the current at any jioiut may 
also be ascertained by the simple process of allowing a cork or otlier light 
float to bo carried along by the current of the middle thread of the water¬ 
course, and noticing the time of its passage between two fixed stations. 
From the velocity at the surface, ascertained in this way, the average, 
or viean velocity of the water, which Hows through any cross section of 
the waterway between the stations where the observations are taken, may 
be found by taking four-fljlhs of the greatest velocity measured at the 
surface. This is a mctliod commonly pursued in practice, the breadth of 
the stream being divided into a certain number of portions, and the surface 
velocity in each being ascertained by separate observations. 

In taking the discharge of the Indus some years ago, 1 proceeded as 
follows. The point selected was where the river was in one channel about 
1,000 feet across. Ton countiy boats were used and provided with anchors 
of the pattern shown at page 60. 

Two flags were set up opposite each other on the two shores and in a 
line at right angles to the stream, and the boats being hauled up-stream, 
were dropped down one by one and anchored at intervals by signal from 
the shore. Tlieir positions were marked by mcasm-ing a base along the 
shore and taking angles to each boat. The deptli was then taken at each 
boat, and between every two by a moveable boat, and the velocities ascer¬ 
tained by floating a cork along a marked length of 20 feet at each of the 
fixed boats. Of course this was an irregular and only approximate section, 
but in such a river and with such a current it is very difficult to got a re¬ 
gular section taken at exactly equal intervals. In a stream of less strength 
a rope with distances 50 or 100 feet apart marked on it might be stretched 
across, and anchored at two or three points, and the depths and velocities 
taken at each interval by one boat hauled along the rope from mark to 
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mark. Tlie Current Metre is also used for ascertaining velocities; it is a 
small brass wheel which is put into the stream, and has an index to mea¬ 
sure the times of rotation in any number of seconds, as shown by a stop 
watch. 

85» In making a new road across a line of country which crosses any im¬ 
portant drainage lines, it will not be sufficient to calculate the discharge 
of the water-courses by the above mctliods, as it will be impossible to say 
how far that discharge may not be increased by a raised road preventing 
the rain water running over the country, and forcing it into the water¬ 
courses. It will be necessary to calculate the area of the basin drained by 
each water-course, usually termed the Catchment Basin, and cross levels 
must be taken at intervals where it is possible, to show the breadth of the 
basin. Its length will be the length of the stream draining it, from the 
point where it emerges from the hills. At this point, the highest dis¬ 
charge mu.st be taken as above, and the highest quantity of rain-fall in 24 
hours over the area of the basin being known or assumed,* the sum of 
the two may be taken as tlie greatest quantity of water that ever passes. 
Part of this will be lost by evaporation and much by absorption, depending 
on t,lic nature of the soil and slope of the country—the remainder will have 
to he pTo^'idcd for in any bridges that may cross it. The data for evapor¬ 
ation and absorjjtion are very vague, and therefore no certain rule can be 
laid down for the hlnginccr, but tho following cmpcrical formula has Ix'en 
deduced by Col. Dickens, R.A., from a comparison of certain practical data, 
and until u better one is known, may be used as an approximate guid(\ 

Let M = the nnmber of sijuare miles of drainage area of any river or 
water-course, no matter how small. 

Let D = its discharge at highest Hood, in cubic feet per second. 

Then D = 825 M®. 

Or in logarithms— 

Log D = log 825 -1- I log M. 

This formula is, of course, only applicable to cases within a certain 
average of annual rain-fall—say of 36 inches in the year. It may, however, 
be considered to hold approximately to all cases from 24 to 50 inches of 
average annual rain-fall; as tlie heaviest fall of rain varies less in propor¬ 
tion than the total annual rain-fall. 

To make use of this formula it is necessary, first, to have the usual data 


* Usually, IS inches for India. 
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of sections, transverse and longitudinal, of the river's bed. Then determine 
by a few trials the flood level which would give the discharge required by 
the formula. This may be compared with tlie reputed flood level. If they 
differ materially, the latter should be again investigated. After this it will 
be safe to adopt whichever determination gives the highest flood level. 

For small drains, it will l>e quite safe to fix a velocity such as the soil 
will bear, and allow waterway enough to discharge the heaviest flood as de- 
iennined by the formula from the drainage area. 

The following Table, computed on asstimed velocities, and assumed pro¬ 
portions between depth and width of sti'eame, shows, in a general way, tlic 
results of this formula in determining the size of bridge necessary for a 
given drainage area. 
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66. Design .—Under ordinary circnmstances the nature and design of 
a bridge, great or small, will be influenced by the nature of the material 
procurable, the skill of the workmen, the amoimt of money to be expended, 
&c., as well as the nature of the river to be passed. 

At present iron structures are'practically out of reach of the ordinary En¬ 
gineer, as they have to bo procured from England, and as the objections to 
wood have been noted, and even good stone is not often procurable, his 
choice will often be limited to brick. 

After the foregoing calculations the Engineer is in a position to deter¬ 
mine of how many spans or l)ays his bridge is to consist. If the stream is 
gentle, its bottom not likely to bo disturbed, and the foundations not likely 
to be troublesome, and if his miiterials arc not good and his workmen un¬ 
skilful, he will probably choose a number of small arches. If the river bo 
one as above described, subject to great floods, the bottom liable to erosion, 
and the foundations likely to involve great expense, he must procure good 
workmen and have few bays of large span, the superstructure being of 
Iron or Wooden Trussed Frames, or Arches of Brick or Stone, which wo 
shall have to consider in order. 


If. 



CHAPTER XXXI. 

MASONRY BRIDGES. 

87, D^nitions.—nake portLons of the roadway at each extremity of the 
bridge which lead to it are termed the approaches. The extreme supports of 
a bridge, by which it joins the banks of a river arc termed the abiitmentSy and 
the intermediate supports of the arches are termed the piers. The walls 
which sustain the embankments of the approaches, where they join the 
bridge, are termed the wiTigs or wing-walls. The faces of the bridge up and 
down the stream are sometimes called the head walls. The projections of 
the piers beyond the faces are termed tlie cut-waters or starlings. The 
centre line of a bridge between its extremities is termed the axis. The under 
side of an arch is called the intrados or soffit; the former tenn being used 
when largo arches, like those of a bridge, arc spoken of, and the latter for 
small arches, such as usually occur in buildings. The outside of an arch is 
called the extrados or back. The two lowest extremities of an arch aro 
called its springings^ or springing lines. A lino extending from the spring¬ 
ing line on one side of an arch to the springing line on the opposite side, 
is called the span of the arch. The crown of the arch is the part most 
remote from the springing line, and the parts of the arch for a certain 
distance up each side from the springing lines are called the hmmwhes. 
The spandrils are the spaces contained between the extrados and a hori¬ 
zontal line from the crown. The blocking course is the portion of the side- 
walls between the crown of the arch and the bottom of the parapet. 

88. Foundatiojis of piers and abutments must be on soil sufficiently firm 
to bear the weight of the superstructure and obviate any chance of settling, 
and deep enough to be safe from the action of the water, increased as that 
action will generally bo by the obstacle presented by the piers. The beds 
of all Indian streams are generally sandy, and the foundation must be 
carried through down to the finp soil below. Care must bo taken also that 
this firm bed is of a good depth, for sometimes it may be a mere thin 
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stratum of clay or grarel between two strata of sand,- the borings will 
show this. In a gentle stream a bridge of moderate size would stand 
well on 3 feet of firm clay, the lower courses of the foundation being just 
let into the firm soil below the sand, but a large bridge should have not 
loss than 6 feet of clay. Very often the depth of sandy soil is 10, 20, or 
80 feet, and though when not exposed to the action of water, sand is not a 
bad foimdation, yet it is liable to be moved even by the most gentle cur- 
ip^t, and in Indian rivers subject to floods, it is often tom up or worked 
into deep holes by the stream. It therefore becomes necessary to seek 
artificitd means of securing the foundations. 

With small bridges, and where the current is not very strong, and where 
the natural waterway has not been much diminished by embankments, it is 
BufiScient to support the bridge upon “ boxed foundations." These are 
formed by making large boxes of wood of the shape of the pier, but about 9 
inches or 12 inches larger each way as to length and breadth. The boxes 
have neither top nor bottom, their sides vaiy in height from 6 to 10 feet, 
according to circumstances. These boxes are driven into the sand by 
scoopiqg from the interior and they are then filled with rubble masonry. 
Upon this tlic piers are bmlt. These boxes are in fact small coffer dams 
and the water can be excluded from them by hand pumps, or scooping. 
If the execution of ordinary masonry is troublesome from the presence of 
water, tlic foundations may bo made of concrete, composed of broken 
Btone or brick and hydraulic mortal' in the proportion of 7 to 1. Another 
plan is to build the bricks into large blocks and when dry let these down, 
and join the blocks together below. Below the depth of 10 or 12 feet, 
however, it is better to resort to Pilhtg or Well-sinhitig ; or one or other 
of the means which have been described in Vol. I., Chapter XV. 

89i In large bridges with tlic foundations on wells, it is in general un*' 
necessary and undesirable to have a masoniy flooring between tlie piers, 
as the soil is unstable, and anything that tends to obstruct the water from 
passing as usual through the bays, may cause a scouring action on the 
river’s hod. The Madras Engineers, however, almost invariably use a 
flooring protected by curtain walls, only sinking their foundation wells 
6 to 10 feet deep. The curtain walls are sunk boUi up aud down-stream 
from pier to pier and to the same depth as the pier wells, the flooring 
being of concrete, or brick-on-edge, 2 to 4 feefdcep. This construction is 
undoubtedly cheaper at first tlion the Bengal method, owing to the great 
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cost of sinking deep wells; but it is often necessary to secure the down¬ 
stream end of the flooring from the action of the water by continually 
throwing in rough stone until tlxe action has ceased; and where a large 
supply of loose material of this kind is not available, it would generally 
be necessary to continue the flooring for some distance down-stream, and 
to secure its tail by another curtain wall. The cost of this addition will 
often equal the diflercnco between the cost of shallow and deep wells, and 
the latter are certainly safer in Bengal rivers, where the sand is of a semi¬ 
fluid character. 

Both systems should be fairly considered by Uie Engineer in the parti¬ 
cular case before him, and the preference given to one or the other, accord¬ 
ing to the circumstances of the case. 

90. Piers .—As tlic horizontal thrust of the two half arches on each 
aide of a pier, counteract each other, the only effort that the pier will have 
to sustain will be that arising from the weight of tlic two half arches, with 
the additional weight that may be placed over them up to the road surface, 
Tlxe thickness of the piers at toj) need therefore, in theory, be only suffi- 
<aent to sustain this pressure, and each square foot of brickwork being 
calcxilated to bear a w'eight of 80,000 fljs., or 35 tons, mtboiit ciixsliing, 
a pier 2 feet thick would suffice to carry arches of 100 feet span, and 4. 
feet thick; but this is much less than what is given in practice, for allow¬ 
ance must be made for injury by time and corrosion to tlic exterior surface 
of the piers, for shocks from floating bodies, for inequality of thrust in 
the arches either from difference of span, or of workmanship. 

The ordinary dimensions for brick piers are one-sixth of the span for 
arches from 15 to 30 feet, one-seventh from 80 to GO feet, and onc-ciglxth 
for larger arches. This thickness is measured at the top of the pier. 

^ bridges composed of numerous arches, it is sometimes advarxtageous 
to make every fifth or sixth pier strong enough to act as an abutment, as 
the arches can then be tamed in sets, and if not all comixlctccl in oixc sea¬ 
son, the remainder may be safely left till the next, and afterwards should 
one arch give way, the damage would not extend further than to the next 
abutment pier, but when no abutment piers are built, the fall of one arch 
may be followed by that of all the others. 

When all the arches of a bridge are not built in one season, a small 
temporary arch may bo turned on one side of the last pier, (supposing it 
not to have been made of extra abutment thickness,) to support a portion 
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of the next arch, and act as a counterpoise to the last of those finished; or 
if the stream can be turned from this pier, a heavy mass of brick in mud 
may be built up against it as a buttress, and also' on the top of the pier so 
as to add to its weight and so resist the tlirust. 

Short piers slionld Hbe built with i)erpciidicular sides, but a very high 
pier looks better for a ba tter of about 1 in 12. Piers for semi-circular and 
serai-elliptical arches whose extrados and iutrados arc parallel, are finished 
with flat tops, but for segmental arches, and arches whoso extrados are 
segments of circles, the lops must be fasliioned to the angles of the spring¬ 
ing lines with rubbed bricl's, or with bricks moulded for tlic purpose, and 
they are then called slvjw;-&«c/.;s..or imposts. 

I’iers, as well as abutnmnts, having to sustain a great pressure should, 
be veiy carefully built with very good bricks, and very fine joints, to obviate 
unequal settlement. » 

91. Abutments having to sustain the tlmist of the end arches unbalanc- 
t d by the counter thrust of any adjoining one, require to be thicker than 
piers; and as the thrust depends on the span, rise, and weight of the arch, 
this should be calculated before determining the thickness of abutment 
to be given in any particular case, instead of merely assuming for the 
thickness some fixed proportion of the span. 



At the same time it is to bo remembered that if the wing walls and 
buttresses of an abutment arc built up, and llie filling in of earth behind 
it is carefully executed, simultaneously with the building of the main 




78 


MASONRY BRIOORS. 


abutment wall,—tlie whole moss increases the resistance to tlio thrust 
of the arch whidi is evontnally to come upon it. Abutments more fre¬ 
quently give way from settlement of their foundations than from insuf¬ 
ficient thickness. 

I The back of the abutment should be built up te a height of one-third 
of the rise of the arch above the springing lino, and the half spandrels 
filled in like manner as above the piers. 

Tlio above are good forms of abutments iu combination with wing 
walls. 

The calculation of the necessary thickness of the abutment to resist the 
tlirust of the arch has already been investigated in Vol. 1., Cliaptcr XIV. 

93. Arclm of stone and brick bridges, are cither scnii-circular, segmen¬ 
tal or semi-elliptical (the curve in the latter case being cither a true or 
false ellipse). 

Semi-circular arches are strong, and have the advantage as well as those 
truly elliptical, of exerting no thrast npon the piers. 15ut they generally 
.j^ve too great a rise, thereby involving heavy and expensive approaches. 
tJihe elliptical arch gives the greatest waterway for a given area and is very 
vdight and graceful in appearance, but is not so strong, and is more difficult 
4 ^to construct than the segmental, which is the curve usually adopted. 

The proportion of rise to span in an arch varies from about one-seventh 
to one-fonrth, the ratio increasing with the span. The young Engineer 
had better refer to the numerous examples of bridges on record as patterns 
to enable him to determine tliis in each particular case, remembering that 
the flatter an arch is, the more care is required in the workmanship, and 
the higher it is the more expensive are the approaches. The springing of 
the arch should be somewhat above the level of the highest known flood, 
and if the river is a navigable one, there must be room also for a laden 
boat to pass easily imdcr the arch at high flood level. 

It is now most usual to give the same rise and span to all the arches of 
a bridge and to place their springing lines on tiic same level. This is 
perfcrable to having aroliSs of unequal dimensions, with their springing 
linos lower in receding from the centre to the extreme arches. When the 
first plan is adopted, the parapet wall and roadway will be on the some 
level throughout, and measures must bo taken for keeping the latter dry by 
apertures at tire bottom of the parapets. The latter plan has however the 
advantage of reducing the cost of the approaches by having a gradual fall 
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in the roadway from the crown towftrds the two ends, and many think it 
quite as picturesque as the other. 

The proper Thickness of Arches has been investigated in Chapter XIV.; 
wiicro also the rules for laying out tho arch arc given. 

The Bond of Arches has also been treated of in the above Chapter; but 
it may be as well to say that as both the methods given in para. 255, for 
brick arches are to a certain extent defective, when the work is of impor¬ 
tance and the cost can bo afforded, tho common bond should be used and 
carried right through the arch. One brick is laid on edge to the centering, 
its length laying in the direction of the breadth of the arch; the next brick 
is placed with its end upon the centering and its length in prolongation of 
the radius; thus breaking joint on the thickness as well on the breadth of 
the arch. 

03. Spmulvells .—^The spandrells or spaces between the arches may bo 
filled up in various ways, but the following arc considered the best. In small 
briilges tho masonry having been brought up to a level with about one- 
quarter of the rise of tho arch, is then sloped up to the top of tho crown 
and the remaining space filled up with gravel or stone-rubbish, but not with 
sand or clay. In largo bridges the best mode of filling up tho spandrells is 
to build cross-walls between the arches founded upon the solid masonry 
already mentioned, and increasing in length as they advance in height; 
they rest upon and abut against the backs of tho arches and act as struts 
between them. These walls are placed from 2 to 3 feet apart, and are 
made from 18 inches to 3 feet in tirickness, according to tlicir height. Thty 
are bonded togetlicr, if of considerable height, by laying long stones, or 
when stone is hard to get, long flat tiles of earthenware occasionally across 
from one wall to tho other. The outside spandrcll walls, sometimes called 
face walls, running parallel with these, are connected with them in the same 
way and become a part of the general frame. The walls are carried up 
nearly to tlio crown of tlie main arches when the spaces between them are 
themselves arched over. Openings are mode at tho bottom of these walls 
along the top of tlie piers, through which any water that may fall into, or 
by any means bo collected in tho spandrells, is conducted to one point and 
issues tlirough a pipe or spout placed for that purpose. The outside spand- 
roU walls are usually made thicker than the interior walls, and a wall should 
be built along the piers and abutments crossing and binding the other walls. 
When the spandrells have been brought to the proper height, they are 
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dressed to the slope which it is proposed to make the roadway, which is 
recommended to be not greater than 1 in 24. 

In designing the spandrells it should be remembered tbaf the tendency 
, of a very flat arch is to fall in at the crown, and that to counteract this 
i tendency, a certain amount of weight is allowable and even beuefleial on the 
I haunches. On the other hand the tendency of a high arch is to open out 
I at the crown, and to prevent this the haunches should be lightened as far 
• as possible. From not attending to these two principles, bridges arc con- 
i stantly designed with an amount of masonry altogether unnecessary, and a 
' very needless expense is thereby incurred. 

On the top of the face walls comes the blocking course; this conrso of 
masonry extends the whole length of the bridge along the arches, span¬ 
drells, and wing walls. The npper course of it should he of sufficient 
.breadth to allow of an inner and outer projecting ledge, as well as space 
for the foundation of the parapet. The upper side of the outer projecting 
ledge or cornice should have a slope or weatlicring to throw off the water, 
and be properly throated so that the water shall not trickle down tlie face 
■' of the bridge. 

In some large French bridges the spandrells have been filled up entirely 
with rubble masonry, but tiiis throws an unnecessary weight upon tlic 
arches. To remedy this, small arches have been made quite through and 
kept open, or sometimes concealed; and in the Westminster and Orleans 
bridges, vaults have been constmeted to lighten the piers whidi sunk ami 
those adjacent to them; but as these arches arc easily deranged by any 
settlement of the main arch, and by that means rendered injurious rather 
than beneficial, the mode first described is considered the most simple and 
the most effectual. 

94t Wing Walls ,—The wing walls may either bo built at right angles 
to the abutment, or with a curved splay outwards; the first plan is the 
simplest and has the advantage of giving a better hold to the earth of the 
river banka; but when the road narrows on crossing the bridge, or when 
two or more roads meet at tho approach to it, the wings require to bo 
curved. When the soil of the river banks is bad, the foundation of tho 
wings must be laid at the same depth as that of tho abutment for their 
whole length, otherwise unequal settlements and cracks are likely to result 
from tho height and weight of portions being unequal. But if the soil 
forming the banks of a stream be firm, the wing walls may lie cheaply 
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and filrongly built with fonndations in steps corresponding willi the form 
of the banks. The depth of each snccessive step should be determbed 
with reference to the section of the hank and to the soil; in rocky ground 
the surface of each step should be 2 feet below the surface of the ground, 
and in gravel 3 feet. 

A good nilc for the length of wing walls is that they should be one and 
a half times the height of the roadway above the l)ed of the river. Their 
thickness at bottom may be one-fourth of their height, and they should be 
built with off-sets on the inside so as to reduce tlic thickness at top 
to 2 or 2^ feet. In fact, the rules for their thicknc,s.s are the same as 
for other retaining walls, and the thickness of wing walls should de¬ 
pend not only on their height but on the description of the soil; when 
Uint is firm and compact there wdll not be so great a pressure on the 
wings as when it is loose. Wing walls of very great thickness have been 
thrown down, or cracked to sncli an extent that it has been necessaiy to 
n build them, from the earth having been thrown in loose between tliem> 
and swelling after becoming saturafed with water. Tliis accident would 
never ha]»pon if the precaution were taken of filling in the earth gradually, 
as the walls arc being raised: it is then trodden on daily and cannot after¬ 
wards be easily penetrated by water. When abutment walls arc built with 
long buttresses the pressure on the wing walls is decreased. 

The ends of the wing walls are always widened so as to form pillars of 
support which may be square under groimd, and of any form above ground 
which may be considered most appropriate to the design of the parapets to 
which they form tcjrminations. 

95, Parapets .—Hie height of the parapet wall above the roadway may 
bo 3 feet in medium sized bridges, .*ind may be increased in larger ones to 4 
feet, while for small road tunnels a few inches will be siiflieiont. Tlic 
tluclcncss may be either a brick and a half or two bricks, the former will 
generally be suflicieiit. 

On the interior side at bottom there should be a projection 4^ inches square, 
called a wheel-guard^ when there are no foot-patlis, to keep off the cart 
wheels. This should be of stone if i)roeurablo, otlierwiso of brick-on-edge. 

The blocking course on whicli tlie parapet is built, should be from 
to 2 feet wide, and 1 to 2 feet high. The inside of the parapet should bo 
quite plain, as any projecting ornament would be quickly knocked off: on 
the exterior side, at top and bottom, a neat cornice will improve the appear- 

VOt, II. M 
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ancc of the bridge. Should a balustrade be adopted instead of tlic ordin¬ 
ary parapet wall, it should be formed of bricks moulded expressly for tliat 
purpose; hollow pottery ballusters should never be used. 

l^erforated parapets of various designs may be built with bricks specially 
moulded, and they have the advantage of lessening the accumulation of 
dust on the road. Hie architectural finish of the bridge must be left to the 
taste of the designer. The following hints may however be useful. All 
ornaments for a bridge should be bold and massive; a full pK)jccting comice 
with but few members—a panelled parapet with curved coping. The 
directions given to the cappings of the pier heads and the indication of fonn 
of the intrados pven by prt)jcctiag the arch face n few inches beyond the 
the face walls, and chiselling them in voussoirs, and a similar projection of 
the ends of the piers, are the principal means whereby a pleasing archi¬ 
tectural effect may bc^ produced. 

If the parapets are more than 5 yards long, holes should be left at inter¬ 
vals on the sides of the bridge close to the parapets and through the parapets 
of the wing walls. These holes arc for tlic purpose of letting tljc rain¬ 
water drain off the road. The drains may be carried eitlicr through the 
crowns of the arclics or through tlio piers, obstraction is least likely to occur 
in the former; or the drainage may pass over the face walls through holes 
under the parapets. The bottom of the holes should he alwut an incli 
below tlie level of the road surface, and if there is a cornice, the water 
should issue above it. 

Brick bridges are almost invariably plastered. The principal objection 
to the practice is that Hie brickwork is likely to be less good in conseqnoDcc, 
and the parapets soon present a shabby a})pcarancc. A stone coping would 
be more secure from injury, and would veiy much improve the appearance 
of a brick bridge left unplastcred. The courses of brick work would then 
have to be laid with regularity, and with thin mortar joints well pointed; 
the requisite cornices and other ornaments could all be executed in bricks, 
either chiselled or moulded to Hie form required. 

96, Roadway .—Tlxo first flooring of a bridge should consist of a layer of 
brick-on-edgo, and on this a layer of good kunkur well rammed down to 
1 foot at the crown and 9 inches at the edges, even if the roads leading to 
it are not metalled. This should never be omitted, and the nibbish from 
the brick-kilns should be token for the purpose, if no better material is pro¬ 
curable. 
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A curbing of stone or biick-on-edgc should then be laid about 4 feet 
from the parapets for the footpaths, which may be laid with paving stones 
or large flat tiles. The footpaths should be raised 3 or 4 inches, a sloping 
or saucer drain being made between the curbing of the footpath and tlie 
carriage way on each side. The curbing and sloping drain should be of 
stone when procurable. 

Four granite guard stones are required to be fixed in the road, either at 
tlie extremities of tlie parapet or at the parts where the roadway begins to 
narrow, to protect the parapets from cart wheels. All small road tunnels 
slumld be made tlie full breadth of the road, whatever that may be; but from 
motives of economy, tlio breadth of the roadway over bridges may be 
reduced in places where the traffic is little to 18 feet, but in all high roads 
it should be 27 feet, and in large cities as much as 3G feet; these breadths 
arc exclusive of the thickness of the parapets, and arc multiples of 9, which 
is the space required for the passage of a carriage conveniently, and without 
risk of Collision. Footpaths may be gained on either side overhanging tho 
fiicc walls, either by bricking out or by supporting them by cast-iron 
corbels. 

Wlicn the roadway over a bridge is much higher than tho country 
adjacent, sloping approaches may be necessary. They should not be steeper 
than 1 of rise to 30 base. If tho bridge have but one arch, or arches of 
equal height at the crown, the roadway over it should be nearly horizontal, 
the slopes iucTcasing on reaching tho abutments. If tlie arches are of 
diiforent heights, the thicluicss of the roadway over each of them at the 
crown must be the same. These precautions are requisite to prevent un¬ 
equal loading of the arches. A porl'ectly level roadway over a bridge is less 
easily kept dry, tlian one witli an inclination both ways from tho centre. 
Ily forming the road with a slight convexity in its cross section, with a 
slope also lengthwise, most of the water falling on a bridge will run along 
the gutters between the road and tho footpath on each side. This water 
shoidd be conducted beyond the end of the wing walls, and there intro¬ 
duced into pucka drains, carried in the most convenient dii-cctiou to the 
low ground. 

97, Stone Bridges .—In large Stone Bridges, strong and durable stone, 
dressed with the chisel or hammer, sliould alone be used for tho masonry of 
bridges of large span. The interiors of the piers and tho backing of tlio 
abutments and bead walls may for economy be of good rabble, provided great 
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attention be bestowed on tlio bond and workmonsliip. The bond of cut istone 
in ashlar masonry is arranged like that of brick work, so that the stones 
may everywhere break joint; the greater Uio weight of each block the strong¬ 
er will the structure be. In all bridges where large stones are used, a crano 
Las to bo employed to raise and lower the stones into their places. Where 
the masonry is exposed to violent shocks, tlie stones arc not merely bonded 
but are jointed together, and iron cramps arc used to strengthen them still 
more. This, however, j>rincipally applies to masonry exposed to the 
violence of the waves. Hubble stone masonry is very common in tliis 
country, made of irregular blocks or stone as taken from the f|uarries, or of 
large boulders found in the beds of hill streams. In the latter case the 
stone should bo broken with the hammer so as to give a rough surface for 
the mortar to adhere to. The bed is pTC[iared by spreading over the top of 
tlic lower course an ample fpiantity of good mortar into which the stone is 
firn)1y imbisdded. The interstices between the larger masses of stone are 
lillcd in by thrusting small fragments of stone into the nmrtar. Finally 
the whole course should bo carefully grouted before anotlicr is commenced, 
in order to fill up any voids between the full mortar and stone. The 
courses should also be carried up horizontally. To connect the parts well 
together and to strengthen tlie weak points, throiighs or bindens should bo 
used in all the courses, and the angles should be constructed of cut or 
hammered stone. 

98. The temporary supports required during the constniction of arches 
are called Centres or Centerings^ and their construction for small arches 
has been described in Vol. I., para. 253. 

Similar centerings with three or more ribs arc apjdicablo to road tunnels, 
and may be made into Icngtlis of 10| feet each, the lagging being nailed 
on to each rib and extending over at least two spaces; the joints, if any, 
being alternate, so as to hold the whole frame work well together. In 
building the drain or tunnel, the centering is first to be fixed in its 
proper place, at one end of the work, and the arch is then bmlt over its 
whole extent. Tliat done, the centre is struck (which is tlie toclmical ex¬ 
pression for releasing and talcing down centering) and it is moved forward 
very nearly its own length, taking care to leave 3 inches of one of its 
ends underneath, but in contact with the underside of the portion of arch 
that has been built. In this new position, it is to be made straight and 
level, and again fixed; when a second quantity of arch work equal to 
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itH longtli may bo built upon it, when It is again slriick, advanced, adjusted, 
and fixed, and is ready for a tliird lengih of work; and by this process, 
a tunnel may be continued any rcfiuircd distance with only one sliort 
centering. 'J’wo or tlirce centerings of tliis kind will bo found very useful, 
wlieii a large number of tunnels of the sumo span are to be built on a new 
Hue of road; where, liowcver, wood is dear and carpenters scarce, a solid 
centering of earth may be formed, by filling in iKitweeii the side walls or 
abutments with rammed earth, .and then forming a raised surface of the 
sanuj to the shaj)C required. This mould is to be removed by digging out, 
after the tunnel is completed, or so far as completed at any time. 

For bridges of largo spans, tlio centerings most in use in India are those 
with intcrnicdiate supports, as shown in Vol. 1., I’latcs XXIV and XXIVa., 
which have also been described in para. 253. In rivers subject to sudden 
freslies, it will be advisable to Iniild tbo lower part of the centering pillars 
of brick m lime mortar, or at least to point them with such mortar, or 
the mud cement getting soft will be compressed by the Bupcrincumbent 
weight and cause cracks in the arch. 

Wlicn the span is more then 30 feet, it will be advisable to adopt 
a cenUmng, composed of lour or five timber frames constructed upon 
horiz(mtal tie-beams su[»ported in several places by brick pillars, from the 
top of wbicb struts should radiate to support the main ribs in as many 
points as may Ikj requisite. Tliese main ribs arc to be preserved from 
lateral movement by cross struts and braces, and the irregular polygon 
formed by tlicm must he brouglit to tho form required for the areli, by 
KU])plementary frame work of slighter construction, undft the l^ging. 

99, Striking Centres .—When the arch is finished, tho temporary sup¬ 
ports have to be removed and for this pur¬ 
pose several methods arc used, whieli have 
to bo provided for in the design and con- ® 
struction of the centering. Tlie most usual 
way is by means of wedges placed under 
the wall or pillar plates, by the striking of 
which on tlieir sharp ends, the wall plates 
may bo gradually lowered. These being 
double it is evident tlmt if their small 
ends, fla, are stnick inwards tho line ah will be lowered, and with it the wall 
or pillar plate c, and anything supported by it. 
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Wedges sliould be in sets of three; tlic middle one dircctl” nndcr the 
weight supported, the other two at equal distances on eat;h side of it; then 
by striking the centre one first, the weight will be equally supported by the 
two side wedges, the centre one being refixed loosely, the side wedges may 
be struck till the weight is again borne by the middle wedge, and thus the 
lowering may bo safely and gradtudly cflccted. 

Tlie wedges over each pillar should all oo struck equally and simultane¬ 
ously, but as this Ls difiicuit of accomplishment, it may be suificiem. if the 
wedges arc struck in succession, lowering slightly those in the centre line 
first, then those in tlie two next lines, and so on to those at tlv springing, 
taking care that tlie lowering is very gradual and equable. 

In order to avoid the necessity for sending men in under the arch +0 
strike the centerings, the wedges may be connected together on b(i:uns so 
as to pass outwards from the two centre frames or trusses to eiiher end of 
tlie arch; striking each beam inwards lowers every centre frame resting 
upon it. In centerings entirely supported at the springings of the ar<*hcs, 
four Bucli beams, or two on each side, only will be required. In (iciitcrings 
on pillars, two will be required on cacli row of pillars, bchvceu tlie pillar 
plates and the trusses. In small arches those beams may be driven inwards 
witli mallets, but in large arches the work may bo done by a beam mount¬ 
ed and worked as a battering ram. 

The wedges should bo made of hard wood, and the beam above should 
also bo hard and smooth; if a rough timber is placed on the lop of a badly 
formed wedge, there will bo the greatest difficulty in getting tlie latter to 
move at all, they i^ould be thoroughly cleared of dirt and rubbisli, and bo 
well oiled before the process of lowering commences. 

A still more gradual method of lowering centerings was used in con¬ 
structing the Itoorkcc acjueduct, viz., by the introduction of jack screws 
in the place of the wedges prior to lowering; tliis was effected by tlie 
use of triple wedges, the middle wedge being struck out without affecting 
the centering; its place being then supplied by the screw tightened up 
to receive the strain, the outer wedges were then struck away and the 
pressure left on the screw. The screw being well oiled and fully up to 
the work required of it, could bo turned by means of a long iron lever so 
as to lower the centering almost insensibly. A row of these screws might, 
as in the case of the beams with wedges cut upon them, bo connected toge¬ 
ther, so as to work entirely from outside of the arch. With good center- 
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ings, however, and well tnmcl arches, little danger is to be apprehended in 
standing under tlic largest and lieaviest arch, whilst the centering is being 
lowered; it is rather common coarsely built ai-chcs or centerings, brought 
to the form recpiircd by heavy masses of brick and mud, from which dan¬ 
ger is to be ajjpvchcnded, and in these cases, wedges connected together so 
as to bo slmek from the outside should always be used; or better still, 
such arches should jicver bo built at all. 

The wedges are also soinetimes placed immediately rnider the lagging, 
and iKiieg thus more nmnerous, each k'ars less weight, and can therefore 
be moved wiih mure case, and, eonse(|uently, witli more certainty; so much 
BO that til" may be lowered in jjarts and accidental distortion of 

the arch "y that rueaiis sometimes rectified. 


1 ( 10 , lJut by far tlie best mode of lowering the centres of bridges is 
by mca*"'S oj KSand-boxes or cylinders, which is thus described by Captain 
Fowki-', iJ.li, ill liiri Report on the J\ari8 Exhibition of 1855:— 

One of i.'c iihKt intiTesting jioiids in connection with the construction 


of this biidg-' ^ i’uiit de I’Alma) is the method employed for striking the 
centres ly Uii;aijs of cyliiidci'S filled witli sand. The employment of tliis 
method does not produce the slighlost change in the constmetion of the 


ccnleving itself, as the cylinder is simply substitutod for the wedges on 
which the centres are supported. Tlie apparatus consists of a cylinder of 


wrougbt-iron, 12 inches in diamebT and 12 indies high, which Ls placed 
in a vertical position on a wooden platform, on which it is prevented 
from slipping by a circular piece of wood, tliree-fourtlis of an inch thick, 
nailed to the platform and fitting the interior diameter of the cylinder. 
Near tlie base of the cylinder, at four equidistant points of its circimi- 
fercncc, are bored holes 1 inch diameter, which are stopped by corks 
introduced from the interior of the cylinder, which is then filled to within 
2 inches of the lop with sand previously dried and passed through a 
fine sieve; and into the space thus left is fitted a solid piston or plunger 
of wood, coinciding exactly with tlic interior diameter of the cylinder, 
about 10 inclics high; the whole apparatus which is thus about 20 in¬ 
ches in height, is then introduced under the centres in lieu of wedges; 
and M. Bouaiat, by whom this method has been invented and applied, gives 
the following account of the process of striking the centres* 

“ ‘ Li striking centres, at a given signal Uie corks closing the orifices in 
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the cylinders are withdrawn by an iron rod about a foot long and 0*31 of 
an inch in diameter, pointed at one of its extremities and flattened and 
turned up at the other. The sand then issues slowly until it has formed a 
little cone ojiposite each hole, and stops. When everything is ready the 
Engineer gives the order to lower from 2^ to 2 inches; then, by means of 
the iron rods, the men remove the cones of sand, and help its escape witli 
the curved end in the event of its having got wet during the progress of 
the work, until the piston shall have descended tlic distance required, which 
will be noted by a scale attached to each piston. Tlic workmen then al¬ 
lows the little cone of sand to accumulate and waits for a fresh signal, and 
in this way the centre descends gradually, and detaches itself iinifurmly from 
the arch without shaking it. It will he seen tliat being completely master 
of the operation, leisure is given to make all necessary observations, so as 
to be assured tJiat all goes on well, or to take measures should the contrary 
be the case. At tlic Pont d’Austerlitz, commenced the 20th May, JHril, 
and opened for traffic on the 8th November, tlie centres were struck in Iw'o 
hours, and it might have hcen jicrfonncd in still less time by placing a man 
to each of the cylinders, so as to lower all the centres simultHaneously. 
Each arch of tlie bridge was supported by 30 principals, and the enormous 
weight of both the masonry of the arcli, and the metal of the roadway, 
boro on the centres, they not having been removed until after tlie opening 
of the bridge to the public.’ ” 

101 . This motbod has been lately inncli adopted in India, and Uic 
following arc examples of its apjilieation in particular instances (Profes¬ 
sional Papers, Vol. I .):— 

“Many of the bridf^cs on the Mirzaiwc district arc iiuilt witli ashlar arches of (10 
feet span and of {ijn'ot weight, laH’essilatiujj a very stron" contcriii}'; this consisted 
generally of seven ribs of w'll tiudsir, carrying for laggins a layer of tlio Hlec]M!rtf, 
afterwards used in the permanent way. The, rll).s were l«e])t vertical liy being tied 
together with cross braces, aud ucrc sujiported with four pairs of wedges under each 
rib in the usual way. 

“ The centering of our first arch was stnuk iu the old way; a raan with a sledgc- 
lianimcrwas placed over each laiirof wedges aud at a given word they all stnick 
togctlicr. From that moment the noise of the hammers rendered any further order 
inaudible, and the wedges earac out one after the oilier, in no particular onlcr, accord¬ 
ing U) their tightuc.ss or the strength of the liitting. The result was most unfortunate; 
the heavy ribs eainc dowu singly, and in so doing broke from the cross tics, aud 
ultimately fell over on their side and severely injured some of the hamiuermcu. 
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“ It was tiiis aireidcnt which i-auscd the uilopfcion dF sand boxes, w)iich were made in 
the followinff way:— 



The box ismadcof 2-iii( h sal plank, IH'x b' X 0'inside dimension; the sides are 
dove-tailed into the ends and tlic joiiils all secured with fi-inch screws; the top is left 
oj)€‘i) Over this box and jcstinf' fin the sand is a rectaiiffular block measuring 
IG' X X b*, so a.s to give half an inch iday at each side and one inch at the ends. 
At each slflcof the bottom of the box are a couple of 1-inch boles sloping upwards 
and inwiuds, and closed lor the time with wooden plugs loosely driven iii and luted 
round vvitli a little moist clay. 

“ Wlicn tlic arch is ready for striking, four of these boxes, (28 in all,) arc placed 
under each rib as near as jios.siblc to the supporting vvedgf's, the box filled with dry 
.sand, the block hud carefully oil the sand so lus to be clear of the inner edges of the 
box, and a )»air of greased wetlgcs with only 1-inch tajier are driven w'ith a hand haia- 
mer between the hl<H‘k and the tii!-beain of the rili. The old wedges are then easily 
knocked out and the arch re.sts on the sand and is freed by drawing out the Jilugs. 

“ The same set of boxes was used for sixteen arches without receiving any material 
damage. 

“This construction of sand-boxes may perhaps ap]»cnr too siinjile to he worth des¬ 
cribing, and tlie only feature to which 1 w'ish to draw attention is that the surface of 
the sand is left uncovered for half an inch all round the edges and shows no tendency 
to ov'crflow, untw'ithstanding the enormous weight laid on it, it being the property of 
sand not to transmit lateral pressure beyond a certain angle. 

“ The central surface of sand on which the block is laid forms such an unyielding 
bed that in transferring the weight of the arch and centering from the old wedges to 
the sand-boxes, Uie greatest subsidence observed at the crown was nevermore than one 
eighth of an iucli. 

“ The play thus allowei} to the block is essential to its steady descent, because as the 
sand is let out by the sides, its upper surface docs not remaiu horizontal, and tlie block 
being no longer on a level bed would, if made to fit tight, most inevitably get jammed 
and stop or burst the box; any close fitting plug or piston will I think be found to 
fail on this account. 
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" 1 wonM suggest the following modification of the above construction as applicable 

to vciy large spans, or to any cose whore the 
arch requires to be let down slowly or the 
process of lowering to be stopped at any point. 

“Dispense with the plugs and let the box 
stand on a plank a foot wider than itself so ns to 
form a shelf (»inches wide under the plug holes; 
thus the sand from the holes will stand on this 
plank in small cones at about 30° to the horison, 
and will stop the holes as effectually as a plug. 
By sweeping these cones away with tljc hand, 
tl>e sand will escape and the centering may he 
lowered with any degree of slowness ; by letting 
the cones stand the process may be st«p])cd. By 
the same means one part of the arch may he lowered quicker than another, which is 
sometimes advantageons when cracks occur in unexpected jdaccs. 

. aC 

< Morkur TJridgp, Bevgal .—Six arches of 74 feet span. The centres were designed 
with double longitudinal licams, the low'cr one carried on the posts and struts forming 
the supports of the centre, and the upper one forming the tie to the scries of triangles, 
forming the upper i>ortion of the centres Cwidr Plate XXIII., Vol. I.) This upper 
beam rested on the low'or at a distance of 12 feet through blocks 8 X X 12 inches 
of soft easily splitting wood (d/i-ofu'). When the arch had been keyed, a strong sack 
made of double coarse country canvas (tatJ made as a tube, filled with diy sand and 
tied with string at both ends, was intriMlnced between these two beams close to each 
blocK, a plate of stout plank (12 x IS X 2 inches) being ]tlaccd above and below to 
distribute the pressure fairly over the bag; and finely tajicrcd wedgi-s in pairs w'crc 
driven between tlic upper plate and the ui»per longitudinal beams with heavy mallets, 
until the weight of the centres in lieu of resting on tlic blocks, w-ns borne by the sand 
bags, and the blocks w^erc so far loosened that they could be easily driven out of their 
places with a few' blow's of tlic mallets. Any individual blocks which could not be 
thus relieved, or were jammed, were split out by carpenters, but tliis was not found 
ncccBsary in more than two or three eases. The blocks were then re-introduced into 
their jdacos, but Imd on their sides instead of on end, thus leaving a space of 4 
inches between their upper surfaces and the lower side of the upper longitudinal. 
The whole centres now rested on the bags, of which eight supported each truss, or 
forty the complete centre. Eighty ordinary coolies were now' brought np, two to 
each bag, (one taking charge of each month,) and two or three Europeans posted 
among them to see, and report, each order obeyed. The w’ord was then successively 
given— Bir/it, to untie the up-stream mouths of each bag but not to allow any sand to 
escape ; second, to untie the down-stream months ; third, to allow the sand to ran out 
of the bags, when tlie whole of the centre sank gradually and steadily until it again 
rested on the blocks placed to receive it, leaving the arch unsupported. 

It was really a very pretty sight to see the large mass of complicated timber fra¬ 
ming 74 X 24 X 1C feet, and weighing nearly 50 tons, besides the portion of the 
weight of the arch of masonry resting on it, gradually subside, with a motion so slow 
and smooth that it was perfectly nnnoticeablc even while standing on it, except by the 
separation between the lagging and the arch, and the approximation between the long- 
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itudinal lieanis ; so unifonn was tlic motion, that not even a creak was heard from any 
joint of the frame, and the time orenpied by the movement did not exceed one minute. 
The amount of sinkage at the crown of the an-h was accurately noted by means of 
two heavy leaden ]>lumincts weighing 8 to 10 lbs. each, and having a small brass 
scale attached, one of which was hung from either side of the crown by on iron wire, 
and rested in a tub of water below to check any oscillation of the plumb-bob ; conse¬ 
quently tile depth to which the scale was immersed before and after striking, being 
carefully noted, the difference showed the exact amount the crown of the arch had 
sunk ; this mciusurcmcnt was further checked in some arches, by observing a point on 
the key of tlie areh from a distance, through the tclcscf)pe of a tlieodolitc. 

103t Variou.s periods have been laid down as proper to allow between 
the keying and the nneentering of ai*ebcs, tbougb it has been generally 
agreed that immediately after the completion of tlie arch, the centerings 
should bo slacked a little so that the bricks may close in and compress the 
mortar. And certainly this should be done before the facing, spandrel, and 
outside parapet walls are built upon the arches, because a trifling change of 
form in the arch may occur by its settlement without impairing its strengtli, 
but which might crack and disfigure the external face walls; but if they 
are not built until the arch has taken its final sot, there will be no danger 
of their being aftenvards deranged or disfigured. Arches have been safely 
uncentcred immediately after keying and have changed their shape but 
slightly; ceutei*iugs have also been left up one mid two months, and even 
six months, and though on their removal, the arches have not sunk at all, 
yet they have doinj so occasionally after the addition of the weight of the 
superstructure. Jt is clear that any change of shape in the arch must be 
less prejudicial to its strength, while the mortar is soft, than alter it has 
set, for, should any settleinout then take place, the work must become 
crippled. 

When, howesver, a large arch has been built on a solid centering, or one 
that cannot be properly and equally lowered, it may be rcipiisite to allow 
Uie arch to set, at least partially, liofore proceeding to remove such a cen- 
teiing, which, moreover, has probably allowed by its compression, of some 
degree of settlement in the arch. 

103 , In illustration of the foregoing paragra 2 )hs, a few examples of 
Indian Masonry Bridges actually (ioustructed are appended; from Profes¬ 
sional Papers, Vols. II., and HI, 

Sohan Jiridge—Lahore aiul Ftdtawwr Road .—Tlic area (lruiiic<l by the Sohan at 
the site of the bridge is about 573 s^iuare miles, and is very u>mpact in shape. The 
greatest depth of the river in floods is 1.5 feet, and the mean velocity about or 9 feet 
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per second. The dope of the bed is at the rate of 14 feet {ter mile. The calculated 
mean velocity is 13 feet {ter second. The discharge calculated from cross sections of 
the stream is in extreme floods about 91,000 cubic feet jtcr second, which is eqnivaleut 
to about one-fourth of an inch over the entire ciitchinont basin. The bed of the river 
exposed to view, consists of boulders ; water flows all the year round, and is never less 
than 1 foot in depth. The true hed of the river is the iiard red clay of tlie country, 
over that a loyer of blocks of conglomerate, and over that some 12 or more feet of 
boulders. 

At the site selected for the bridge, the river is rather wide, being over 1000 feet, 
while a few hnndrcd feet higher up the width does not exceed 750 feet. {See accom¬ 
panying plan.) The clear wiitcrwon' of the bridge is 946 running feet. 

The design consists of 15 sjjivns of 6.3 feet each, entirely of masonry and the bridge 
is floored throughout. 

Specification.—The ftiundations to rest throughout on the clay bottom of tlie river. 
The masonry below the flooring to be of coursed nibble, the faces not to be dressed. 
The floor to consist of large blocLs of stone well fitted, and the end stones to be of tho 
1 argest sise. and cut to fit closely. 

From the floor to the sjiring of the arches the masonry to be of the best coursed 
nibble in large blocks with dressed faces. The imiiosts to he accurately ciiL 

The arches, spandrel walls, and snjicrstrueture of parapets to he of best brick-ivork.. 
The camiec to be of cut sttme. The snrfai’c drainage of roailway to he discharged 
throngh the crown of each arch, by an iron pijie Just clear of the wheelguard. 

The entire surface of the roadway to be metalled with broken stone. 

Tlie stone to he used is sandstoiio, from the qinurj' on the, Lch Nullah, and none 
hut the very best quality of stone is to he jmt into the work. 

Estimated cost, Ils. 4,28,271. 

Marhtntla Jiridgr, Vunjnh .—During the floods of the rainy season, the river has 
a depth of 6 to 9 feet. From observations and surveys made in 1859, the following 
discharge of the river during flood was obtained. The observations were iinulc about 
3 miles above tlic site of the bridge, where the hanks of tlic river are well defined. 

Widdi of channel, . . . 1,577 feet. 

A.rea, . . . . . 6,9.18 „ ^ 

Hate of fall, .... 3.72 feet per mile. 

Mean velocity, . . . . f>'16 „ per second. 

Discharge, .... 35,730 enhie feet. 

In 1845, <tflo(Hl rose 18 inches al>ovc the bank of the river, giving a discharge of 
47,838 cubic feet; notliing npproaeliing to this has oeeiirred since. 

The Crovernment of India, gave the following specific instnietions for the pre¬ 
paration of the design. 

The width of tlic roadway to he 26 feet, the depth of the pier foundations to be 
limited to 16 feet, and that of the curtains to 12 feet. 

The bridge to be divided into five sections by abutment piers. 

The waterway not to cxccd 1,073 running feet. 

The nature of the foundation.s of the bed of the river was examined, but no¬ 
thing but sand, or at Ixist, a clayey silt, was met with, to a depth of 40 feet. 

The total length of the hridge is 1,400 feet, and the height of the roadway above^. 
the bed of the river is 24 feet. - 
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'Specigcalion.—The enrbs for the wells to be made of kceknr, taticc, jainnn. or 
other sound jungle wood ; they will be 9 iiiehes in thickness, put together in threes, 
and firmly secured together by wooden treenails of seasoned kcekiir wood. The 
masonry walls of the wells arc to be 9 inches in thickness, and arc to be built of 
radiated bricks, moulded or cut to the jiropcr form, and laid with mortar composed of 
two parts of snorkhcc, to one part of freshly slaked stone lime, bunicd on the works, 
and well mixed together in a mortar mill in the usnal manner. 

All bricks used in the work arc to be soaked for at least six hours lu'cvious to their 
being used, and the masonry is to be kept moist, to prevent the too mind desiccation of 
the mortar, until the mortar gives indications of setting. The walls of the wells aro 
to he carried ii]) C feet, and alhnvcal to dr}’for ut least ten days, when the under- 
sinking may be ebmmcjiocd. 

The whole of the wells of one pier f>r abutment, arc to Im undersunk together; 
when the wells luive been sunk "> or + feet, tlicn the walls may be raised 6 feet more; 
when the w'ells have been sunk R feet, then the walls must he weighted with kucha 
j)ncka masonry, to facilitate tin; ninlersinking, as well ns to prevent the walls imrting 
fmiii the rnrbs. 

When the wells for the eiirtnin walls have been sunk to their full de])th, the esca- 
\ Ilf ion for the coiierete, which is to he laid between the wells of the piers, (as shown 
'III dll' drawing) as well as for the eonerete beneath the flooring is to he commenced. 

As soon jis a well has been sunk fo (be n’<|uirei! depth, it is to be filled at once with 
i'lokcn iirick to (be required level, in laying the eonerete, 0 inches is to be laid and 
isuisolidiited .it a fiine, water from the fonndation having been removed by juimping. 
• III luiiicvsinking the wells, tlic old system of jhams and divers will be dispensed 
with a> iii'ii'li as ]iossil)]e ; luimjis will Ik*, used to kceji doAvn the water in the well, and 
ordii’iiv} ex,'ll Ml tors will be employed, the material being brought up hi' means of a 
bucket and windlass ; when the matevial at the bottom of the well is slush, the bucket 
is to have a vahe in its liottoin so as to fill itself. 

Ill the ]iirr|^An() abutments, the bricks will he laid in English bond, witli half- 
ir.cli joinl.s, and gnmleil every course. 

As the work adianees, the hardest and licst shaped bricks will he set aside for the 
nrelies. Jiaeli urrh will be divided into several portion.s, by joints running coin- 
jiletely thmngh from soffit to hack, the bricks being laid in these sacecssirc portions, 
alteiTiately in rings and blocks, with joints running entirely through the arch, from 
soffit to the. back. English bond w’ill be used in tlie jiortion laid in rings, the thick¬ 
ness of the arch being divided into two eiiual rings ; the blocks in which the joints 
run through, arc not to exceed four bricks in thickness, measured on the. soffit. Groat 
care will be taken in laying the bricks which form the keys of the arches ; thin tem- 
jicred mortar or grout being used, and the joints well wedged up with hard pieces of 
brick; in keying in the arch, the first eoiu’se on the soffit will be fonned of a thick- 
IICS.S of three bricks laid on their cuds, in vety thin mortar ; the next course will be 
formed of five bricks, laid also on end, and forming ooritinnona joints with those be¬ 
low them ; this course will be laid in grout. By dividing the length of the course 
into several comportments, separated by a single row of bricks, laid in mortar, the 
grout may he poured into the.se eomjiartnicnts, and the bricks be set in it, and the 
joints then filled witli pieces of brick. 

The hanuehes of the arches will be carried up and allowed to set before bringing 
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Up the mnaindcr uf the lurch. Care must be taken to load the crowns of tlic centres 
to prevent springing. 

The arches will be tamed on regularly framed timber centres ; these will be sup¬ 
ported by timber struts ; each point of support will be capped by a strong wooden 
pillar plate ; on this will stand a cast-iron cylinder fitted with a wooden piston. The 
cylinder will be 9 inches in diameter, uf sheet iron, in thickness -^inch and 12 inches 
in length, open at both ends. It will have 4 half-inch holes; ut half an inch from the 
lower end of the cylinder, these holes will be fitted with four wooden plugs so that 
they may be pulled out and inserted by the hand ; each cylinder will have a solid 
wooden piston fitting it freely, and of tlic same length as the cylinder ; the cylinders 
will be filled to 3| inches of their length with clean sand, on which the wooden piston 
will rest. When it is desired to strike the centering a man will bO stationed ut cm^h 
cylinder ; at the order being given, they will simnltaneously pull out even’ man his 
four pings ; the sand will be allowed to nm out until it forms a sort of seniiconc on 
the pillar plate opposite each hole, when the sand will shtp running until the sand 
outside be cleared away ; on which, it will run again from the cylinder, and so on ; 
core must be taken that no moisture finds its way down the sides of the pistons at tho 
cylinder. 

The centres will be slightly eased immediately after keying tlie arch, but the cen¬ 
tres arc not to be struck until six weeks at least have elapsed after tliu keying in ; a 
longer time will be allowial if convenient. 

The mortar to be used the work is to consist of one part of freshly burnt stone 
lime, and two luirts soorkhco made from pieces of pucka bricks, and ground in a 
mortar mill iu the usual manner ; that used fur the face Joints to be ground in^ 
hand mill. 

The concrete will consist of the following proportions :— 

1 part of stone lime. 

3 ports of soorkhec from pucka bricks. 

C pai’ts brokeu bricks, kunkur or stone, two-thirds of which ^ot to be larger 
than a hen’s egg. 

The concrete to be mixed together iu a little tank close to the work and thrown in 
from a height; no plaster will be used on any portion of the work. 

Estimated cost, lls. 3,31,180. 

Ganges Canal Bridges .—Some of the details of their construction, arc only appli¬ 
cable to Caual bridges, aud there are no two of them exactly alike, but a general 
dcHt^ription will be useful, as the whole of the bridges on this Canal may be said to 
be excellent specimens of brickwork. 

The first-class bridges consist of three arches of 5r» feet span each, with piers 7 feet 
thick. Although exhibiting iu the intrados an elliptical curve, the arches are all 
perfect segments of circles of GO degrees, with the voussoirs of the exmrses radia¬ 
ting to one centre ; they ore built with bricks 12 x G X 2^ inches. On some of tlie 
smaller bridges, rubble boulder mosoniy*, and block kunkur have been used, tlio urches 
being of brick. The mortar used consisted of 1 part stone lime to 2 parts soorkhec, 
or 1 part stone lime, 1 poi't soorkhec, and 1 part sand. 

The foundations varied from 4 to 10 in depth, where tiic ground was Imrd and of a 
tenacious quality. When the foundations were laid in sand, extra depth was gl 
and wells were used, where necessary. All these bridges have floorings with curtain. 
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nent bridges are provided over the water-courses, and finally the surface iSj 
mej^od to diminish friction and the loss of power of animals, and wear 
and tear of vehicles. These improvements would however be preceded by 
new straight Lines being marked out to save labor, distance and cost, both 
of construction and subsequent repair. 

155t It would be out of place here to dilate on the importance of roads. 
Suffice it to say, that that importance is now so well recognised in India, that 
numerous lines arc under construction in various parts of the country, and 
are only the prelude to very many others. All of these are not of equal 
importance and we may begin with what arc called Feurweather Jioads, j 
which as their name denotes, are temporary expedients, and often the use¬ 
ful and economical precursors of a system of permanent roads in a new 
province; the latter rcciuiring much time, labor, and skill to be bestowed 
on them, while the former can often be opened out at a very chca]) rate. 
But this should alwjiys be done witli an eye to future improvement, so 
that labor may not be thrown away, and that progress however slow may 
be in the right direction. 

Supposing such a road to require making from one town or settlement to 
another in a wild unmapped country, if a traverse were run by compass 
and clmin between tlie two places, and jdotted on paper, the magnetic 
bearing of the one platio from the other would be ascertained and a straight ^ 
line could he run between the two by means of the compass. If two flags 
arc set up in the proper direction at some distance apart, then, by means 
of a third flag brought into line with the two former, a straight line could 
be run for many miles with a very slight deviation from accuracy. Wlicre 
a compass is not available, a fire lighted at one place may by its smoke 
enable its direction to be seen from the other. 

Tliis Imo so nm, and marked by a trench cut in the ground will often 
be a practicable line for the road in a new country; if not, it will, at any 
rate, bo a valuable guiding lino towards which all deviations caused by 
various obstacles should return; the line so marked out will be cleared of 
jungle for a width of 10, 20, or 30 feet; a ditch cut on either side to serve 
as a drain, and the earth excavated thrown in the centre of the road to 
assist the rain water to run into the ditches. Inequalities of surface can 
then be levelled as far as possible. Hmall streams may be crossed by 
temporary bridges, if wood is available, if not, their banks must be cut 
. 'ddwn, if necessary, to-a gentle slope, so as to enable carts to pass when the 
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stream is dry or nearly so, and such slopes as well as the bottom of tlie 
stream may be payed if material is available. 

Of coarse it is useless metalling such a road until it is raised clear of 
inundation; but after the rainy season, repairs may be made as far as pos> 
siblc, and, in a dry country like Upper India, such a road would be open 
for wheeled traffic for nine months out of the twelve. There are many 
such lines in India, and bad as they are, they are a great improvement on 
the old native tracks, which were narrow, crooked, and scarcely ever re¬ 
paired. 

The cost of such a road will vary from 100 to 500 rupees a mile, 
according to the scarcity of labor, the difficulty of the ground, or the 
extent to which the road track is improved. 

There are several temporary expedients which may be used as a sub¬ 
stitute for metalling; thus, stable litter, when available, or even grass 
strewed on the sandy or dusty surface, will greatly improve it. A road 
passuig through the deep sandy bed of a river may be mucli improved by 
cutting down through the loose sand to the moist and firmer stratum; on 
this should be laid a flooring of fascines, G inches in diameter, made of 
jhotv, or of the strong grass which generally grows upon the banks of 
rivers in this country, and over all, from 1 foot to 1 foot G inches of 
earth well beaten down; such a road would hardly last more than one 
season, but it would not cost much, and its advantage would be very great 
in saving draught cattle, the toil of struggling llirougb lieavy sand, often 
worse than an additional day’s journey. Tins idan has been pursued with 
great success at several of the large rivers, such as the Sutlej. It is also 
applicable to the crossing of a swamp or bog, of which more will be said 
further on. 

156. The following is a detail of a temporary road of this kind made 
over the dry bed of the Chenab River in the I’unjab. 

The total length for tlic roadway across the Chenab measures 10,(100 running feet, 
of which 1,850 feet consist of a metalled road laid down last year, and now in good 
order ; 3,600 feet resting on firm soil, extending from the road embankment to with¬ 
in 1,(K)0 feet of sontli side of river, and the remaining 6,800 running feet extend 
across entire sand. 

Specification .—The roadway to consist of one layer of grass fascines, each fascine 
to be 24 feet long, C inches in diameter, and tightly bound with grass, to he packed 
closely together and covered with C inches of day. On the surface of the clay and 
to prevent its cutting into grooves a very thin layer of loose grass will be constantly 
maiotoioed. An inch of clay null be first Itud down on the sand, all hollows to he 
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filled in and low points to be somewhat raised, that tho foundation may not suffer 
from the lodgment of water. 

In other places the finished road to be 1 or 2 inches above the sand. 

The total coit was Bs. 1,901 ; being Rs. 1-4 per 100 superficial foot, or Rs. 33 per 
100 lini-al feet of roadway. The work has answered well, effecting a considerable 
saving in tho tractive force required through the heavy sand. Though such a road 
will only last one season, its utility and economy will always justify such a construc¬ 
tion being employed in all lines of hca^'y traffic. Wherever tho fascines can bo 
pegged down, tho improvement will he great. 

157. Wliatcvcr iinprovemcnts are made in sncli roads should be directed 
towards the most formidable obstacles at first; this is, indeed, self-evident, 
(tho strength of a road, as of a beam being only that of its weakest part,) 
but it is not always easy to determine what are the most formidable obsta¬ 
cles, nor whether it will be more economical to lay out a given sum in 
raising a portion of embankment, cutting down a hill, improving the sur¬ 
face, or building a bridge. Much of course will depend on the peculiar 
circumstances of each case, and some of the considerations by which the 
judgment should be guided will be treated of further on. 

A common mistake in India is to make kucha roads too wide. If the 
traffic is only sufficient to demand a kucha road, it will be better to make 
that only 20 feet wide, and to keep it in thorough repair, than to have a 
width of 40 feet cut up by wheel ruts, or half covered with grass. 

Again, it is not uncommon to find a kneha road good in other respects 
with a slioi’t length of it perhaps almost impassable, either from having to go 
through sandy or swampy soil, or over a steep hill at that part. In such 
a case it is evident that much money may be justifiably expended in bring¬ 
ing the short difficult portion up to the same standard os the rest. 



CHAPTER XXXV. 

GRADIENTS AND CROSS SECTION. 

158> Wb come now to the question of Permanent Poods, which wo 
shall consider under the following' heads, let. Direction ; 2nd, GiTidionts; 
3rd, Cross Section; 4th, Metalling; 5th, Survey, Design and Kstiiuatc; 
6th, Construction; 7th, Maintenance and Repairs. 

Direction .— Other things being equal, a road should be straight, as 
being the shortest distance between the two points to be connecteti. Any 
uunocessary excess of length involving a constant thrco-fohl waste ; 1st, of 
the interest of the capital expended in making tlie unnecessary jiortion; 
2nd, of the expense of repairing it; 3rd, of the time and labor employed in 
travelling on it. On the other hand as the great object of a road is to 
accomodate the traffic of the country, so its direction must primarily be 
regulated with a view to such traffic, i, e., it should pass through or close 
to as many towns and villages, as possible; while the object of the En¬ 
gineer must bo to overcome by skilful means the various natural obstacles 
interposed along its course. 

But straightness is of less consequence tlian easy gradients, and must 
always be sacrificed to them, and tliis is one of the most important princi¬ 
ples to bo observed in designing a road. 

A straight road over an uneven and hilly country may, at first view, 
when merely seen upon the map, bo j)ronounced to be a Lad rcad : for the 
straightness must have been obtained eitlier by submitting to steep slopes 
in ascending the hills and descending into tlie valleys, or those natural 
obstacles must have been overcome by incurring a great and unnecessary 
expense in making deep cuttings and fillings. . 

A good road shoidd wind around these hills instead of running over 
them, and thi.s it may often do without at all increasing its length. For 
if a hemisphere (such us half a bullet) be placed so as to rest upon its plane 
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base, the halves of great circles which join two opposite points of Uiis base 
arc all equal, whether they pass horizontally or vertically; or let an egg be 
laid upon a table, and it will be seen that if a level line be traced upon it 
from one end to the other, it will be no longer than the line traced betrrecn 
tlic same points, but passing over tlie top. Precisely so may the carving 
road around a hill be often no longer than the straight one over it. 

But even if the level and curved road were very mueli longer tlian the ’ 
straight and steep one, it would almost always be better to adopt the 
former; for on it a horse could safely and rapidly draw his full load, while 
on the other he could carry only part of his load up the hill, and must 
diminish his S])eed in descending it. As a general rule, the horizontal 
length of a road may be advantageously increased, to avoid an ascent, by 
at least t^vollty times the perpendicular height, which is to be thus saved; 
that is, to ('Kcaj)e a hill a hundred feet high, it would be proper for the 
.. ’ laake such a circuit as would increase its length two thousand 

i k'viiitions from the direct Hue should also be majl^ in order to carry tlie 
road over high well-drained ground, where few cmbankmciita and bridges 
i^will be required—or to avoid heavy cuttings—or to have materials for Uio 
road surface close at hand, hy which money will be saved lx)th in first cost 
and periodical repairs. Minor deviations will have to be made in order to 
cross rivers at the places best suited for the construction of bridges. 

Too much pains cannot be taken in deciding on the line of a road. 
Should Uio line be ill chosen, great expense may be iucarred in conslructing 
the road, and keeping it in nipair; and it may eventually be found more 
economical to lay out a new lino altogether, altliougli it will involve the 
abandonment of the work already done on the old line. On the other 
hand, if the road has been skilfully laid out, although it may not bo expe¬ 
dient at the time to go to any great expense in bridging the streams and 
improving the surface; still, whatever is done will be a step in the right 
direction, and nothing will afterwards have to be undone. 

159. The following Memoranda, by an experienced Road Engineer, on 
this important subject will be found valuable. 

Tlic average section of our Imperial roads in Upper India may be taken at as fol¬ 
lows :— 

Breadth ot top of cmbaiikmont, 40 feet 
lloight of embankment, 4 feet. 
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Slopes, 5 horizontal to 1 perpendicular. 

BiTiiiltii of arelies of bridges, 30 feet. 

B>%adtli of metal, 1(! feet by 9 inches thick. 

Rate of earthwork, Rs. 2-8 per 1,000 cubic feet. 

Rate of c:>nsolidated luctnl, jier inch per mile, Rs. 750. 

Cost of maintciiiuice, per mile yeai'Iy, Rs. 750. 

Cost of drain bridges, per running foot of water-way, from 75 to 100 Rs. up to 15 
feet span. 

Cost of large bridge!?, from 300 to 400 lis. per foot. 

The rates here given will be found a close npiiroximntlon to the actual cost, only 
tliat for earthwork is rather over than under what the probable expenditure may be. 

From the above data we obtain the following comparative cost of embankments, 
bridges and metal. 

Co.st of one mile of embankment (40 20) X 4; = 240, @ Rs. 2-8 i)cr 1,000 = 

0‘CO or Rs. 0-9-7 jicr foot 

One mile cost 5280 X 0‘60 = Rs. 3,108. 

The cost of drain bridges is 100 _ ^ 

A 

Therefore, the cost of one mile of cndmnkment equals only 30 feet of water-way for 
drain bridges, while only 10 running feet of water-way of such bridges as that over 
the Mnrkiuida oiinal the cost of one mile of embankment' 

One mile of motal costs 750 x 0 = Rs. 0750, or more than double the embankment; 
and taking the maintenance of road, at Rs. 7(K) a year for metal, and Rs. .50 for earth¬ 
work, at 20 years’ purchase, we have for metal 700 x 20 = Rs. 14,000 a mile ; there¬ 
fore the cost of metal is Rs. 20,7.50 a mile, or more than six times the cost of the em¬ 
bankment 

From the above, therefore., it is evident—First, that all cross drainage should be 
avoided where praetioablc, and that tZie height of ('W.h/inkments xltoidd not be so much 
taltcn, into consideration as the length of road, so as to sjivc metal. 

Secondly, os the cost of metal is such an important item, and as this so much 
depends on the distwee from the quarries in scleciting a new line. Hut gmu-imity to 
kunhir beds should form a very great reason for adopting one line in preference to 
another. 

Supposing the wear and tear of metal to be 7,500 cubic feet a year per mile, and 
that 8 annas is saved for each mile the road is nearer Uic quarries, the actual saving 
would he 7,500, @ Rs, 0-8 = Rs. 37-8 a mile, which at 20 years’ jinrchasc ct^nals Rs. 
750. Thus, if 4 miles could be saved in carriage, it woul^ cijnal the first cost of the 
I embankment nearly ; or tlie road may be lengthened one-sixth between tvKo points 
‘ withont adding to its cost ; that is 1G*6G per cent, longer, which w'ould admit of a 
diversion of about one-third of the total distance out of the straight line. 

Lastly', where nothing is to be gained by deviating from the straight line, either in 
avoiding drainage or bdng nearer kunkur beds, the embankment may be raised as 
follows, without adding to the cost of the road, with tlie following rates for earth¬ 
work 


Ucight of embankment up to 5 feet, Rs. 2-8 per 1000, 

„ „ above 5 and up to 10, Rs. 3 per 1(X)0, 

„ ,, 10 and nvi to 15, Rs. 3-8 per 1000, 
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Saving in distance 1 mile in 2, or embankment may be raised to IS'OO feet, 
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That is, if the road can be shortened jV to ^ of its length, add one foot to height 
on an nveriige throughout the whole length of embankment; from add 1^ 

feet; from ^ to f, add 2 feet; for ^ and add .‘1 feet; if \ is gained, add 4^ feet; 
where. mid (! feet; and where the distanee is halved, add no less than 0 feet to the 
height of embankment. That is, sui^posing a valley to inten'Ciie, w'hieh is oik* mile 
broad and reiinires aii embankment averaging l.T feet high to tToss it, hut by going a 
cireuitons load wlin ii would avoiil this bad ground, but add one mile to the length of 
the i-oad (all other <-ir<-uinstanccs remaining the same along the line), it is ns to 
make the US feel, j'mbankitienl as to go the more eirciiitons route, while traiellem are 
saved one mile. In otliei- words, it is veiy seldom a road should lie made to deviato 
from the str.aighi line on aeeount of earthwork only, except in a hilly country where 
'•tee]i gradients would iiitnfere. 

( 'iiiMderahle diwiatioir. can however he made fiTtin the straight line without adding 
Kiueh to the aetiial length of road, ns will he seen by the following Let A and B 
he {sii\} 40 miles ajmrt, and half way, at tlie point C, lay off the j)er]icndicular line 
(ID. Sii[ipnse (IJ) is one-tentli of All, the line 

ADll will only e^ee^■d AH 2 |ier eent. The Ku- a ^ _ so _ ^ 

gnicer, then fore, at half the. distanee, between Uie j 

two jHiints to he eoniieeted, has a breadth of 8 ^ 

miles to select from, without adding moif than 2 
]ier cent, to the wJiole length of road. If or 

lo ot; per < ent. he added, (the limits where the eost of embankment and maintenance 
of metal e(|iiiil each other,) the di^ergenee may he upwards «)f 1!1 miles on either side. 
Such a deviation from the straight line is inueli too givat; so, in praelicc, if cross 
draiu.age can he saMsl to the extent of saving only ]4.square miles in a distanee of 40 
miles, it comes to the same thing ns to eost, us adding 2 per cent, to the length. 

Thn.s, Ks. .'{.IGS, cost of one mile. 

(2 ]>er eeiiL on 40 miles =: O-S) x 7 (cost of earthwork and metal) _ 

^ 87'.* (eo,st of one foot of water-way) ’ 

by page 135, of Vol. 11. of l’rofe.S8ional Paiiers, Colonel Dickens allows 42 feet of 

wutei'-w’ay for 3 square miles ; hnt, by adding 2 jair cent. 
. , , to the length, wc do not merely gain J4* .squtirc miles, 

K ^ « 40 y 4 

T, f ^ f —M— “ square miles, w'hcrc the road runs at 


V right angles to the drainage. Therefore, there can ho 

no doubt that where we have a road (say) crossing from 
the Ganges to the .Tumna (nil other imints being the 
same), that instead of it being a direct line right across, 
it should curve considctably upward, thus— 

• s 14 square miles. 

4 « 
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The cxtciit of deviation in a dintance of 40 miles, and the per cenit^^jadded to the 
Icn^^tb of roatl is here given :— 
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P'rora which it Di>]»e!irs, that so long ns the deviation is kept within moderate dis¬ 
tances, the additional length is little ; for even np to oiai-fourth of deviation of the 
total distaiiee, only 11 per cent, is added; hut whcrg..lhis is exceeded, the per ceutage 
increases fast. 

Suppf)s<i the licaring between the two points to be connected is 90®, or due. east and 
west; so long iis the hearing of no part of tlie line docs not exceed 100“ or less than 
80* for all practical purposes tlic road will he nearly as short as tlie direct line, ivhile 
it gives the Engineer eonsideraijle scope for selecting Ids line. In doing which, lie 
shonld ccMisider, first, the Drainage ; secondly, the supply of Alctal ; and lastly, the 
Earthwork, which, though at first sight it ajipcars the grcfitcst, is in reality insigni¬ 
ficant in comparison to the irtlicr two items. 

A straight line is uiidouhtedly the sliortcst distance between two]ioints, bnt nothing 
is more nionotonons than to have to march along a straiglit mad. Tu fact, one should 
never be able to see more then three miles along any road ; and this can he easily 
accomjjlished by passing minul a village or a eluinp of trees. Curves, however, arc 
unsightly in an open jdain, unless there be some natural feature in the country iicee.s- 
sitating a curve, sia li as to <toss a stream at right angles, or to avoid low, marshy 
ground, or some high inonnd. In the latter ease the mound can he taken advantage 
of in hiding the rolul. Where, hoivci'cr all is one extensive )i]aui as one often meets 
with ill India, ti> jiiit a eiivve in a road and nut to huh- it, appears ns if a mistake had 
been mode in lining it out, wliieli is worse tlnui a continuous long line. 

Curves may liowever he given at every three miles, so that no jiortion of the road 
can be seen for n greater distance, and the mml gi’catly improved, not only in ajipcar- 

« .fl WILTS B 

•- - -\ ^‘,7 ~~ t > ^ ' ■ “ S ^ 


-- 'If 




f. _ 

0 


''OLICL CMOVVKLI 

* -ft 


ance, but also in comfort to travellers. Snpiiosc the distance between the two points 
it in necessary to connect is 30 miles apart, and that the country is one open uni fur m 



QRADlffiNTS ANS CROSS SECTION. 


169 


plain. The shortest line wonld no donbt bo one uniform straight, bat it would be too 
tedious, and would involve long marches of 15 miles each, with nothing to break the 
monotony of the march. By introducing Ogee or S curves at every three miles, and 
planting two clumps of trees near them on either side of the rood, with a well in the 
centre of one of thorn, the road could only be seen along three mil^ of its length, 
and wearied travellers wonld have comfortablo shade with water to drink. A Police 
Chowkio could be placed in the other clump, so os to afford protection to property. 

Supposing DE to be equal to 1000 feet, and CD equal 60 feet, then i^lOOO* + 60* 
= 1001*24 feet; or nine of these enrves may be introduced and only add to the 
length of the road in a distance of 80 miles,' some fonr yards. 

160, Gradients ,—Eveiy road should be theoretically hod. If 

it be not, a large portion of the strength of the horses which travel it will 
be expended in raising the load up the ascent. When a weight is drawn ' 
up an inclined plane, the resistance of the force of gravity, or the weight to 
be overcome, is such a part of tlio whole weight as the height of the plane is 
of its length. If then, a road rises one foot in eveiy twenty of its length, 
a horse drawing up it a load of one ton, is compelled to actually lift up one- 
twenlicth of the whole weight, i. e., one hundred pounds, through the whole 
length of the ascent, besides overcoming the friction of the entire load. 

I’hc following table is the result of experiments. 

Calling the load which a horse can draw on a level 1*00, on a rise of— 
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In round numbers, upon n slope of 1 in 44, or 120 feet to the mile, a- 
horse can draw only three-quarters as much as he can upon a level; on a 
slope of 1 in 24, or 220 feet to the mile, he can draw only half as much;, 
and on a slope of 1 in 10, or 528 feet to the mile, only one-quarter as 
•much. 

This ratio will, however, vary greatly with the nature and condition of 
the road; for, although the actual resistance of gravity is always absolutely 
the same upon* the same inclination, whether the road be rough or smooth, 
yet it is relatively less upon a rough road, and dees not form so large a 
proportional part of the whole resistance. 
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Thus, if the friction upon a road were such as to require, upon a level,* 
a force of draught equal to one-fortieth of the load, the total force required 
upon on ascent of 1 in 20, would be + aV = riien, the 

resistance of gravity is two-thirds of the whole. 

^f the road be less perfect in its surface, so that its friction = the 
total force upon tbie ascent will be Vu + ^ = -I’jy*, and here, then, the 
resistance of gravity is onc-half of the whole. 

If the friction increase to whole resistance is = iro 5 

here, gravity is only one-third of the whole. 

We thus see that ou a rough road, with great friction, any inclination 
forms a much smaller part of the resistance tlian docs the same inclination 
on a smooth road, on which it is much more severely felt, and proportion¬ 
ally more injurious; hence we deduce that steeper gradients are allowable 
on hucha than on pucka roa^. 

The loss of power on inclinations, is indeed even greater than these 
considerations show; for beside the increase of draught cansed by gravity, 
the power of the horse to overcome it is much diminished upon an ascent, 
and in even a greater ratio than that of man; owing to its anatomical 
formation and its great weight. Though a horse, ou a level, is ns slTong 
as five men, yet on a steep hill it is less strong tlian thren: for three men 
carrying each 100 ibs., will ascend faster than a horse with 300 lbs. 

161» Inclinations being always thus injurious, arc particularly so where 
a single steep slope occurs on a long line of road, which is comparatively 
level. It is, in that case especially important to avoid or to lessen this 
slope, since the load carried over the whole road, even the level portions of 
it, must bo reduced to what can be carried up the ascent. Thus, if a long 
slope of 1 in 24 occurs ou a level road, as a horso can draw up it only 
one-half of his full load, he can carry over the level parts of the road, only 
half as much as he could and should draw thereon. 

This evil is sometimes partially remedied by putting on a full load 
and adding extra horses at the foot of the steep slope. Oxen are thus 
employed to assist carriages up steep hills, in many countries. But 
this b ux inconvenient, as well as an expensive system, and the truest 
economy is, to cut down, or to go around such acclivitbs, whmver tlus b 
possible. 


* Seo ptge 171. 
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lAlS. The loss of power oa iucIinationB being so great, as has beenf* 
shown, it follows that it is very important never to allow a road to ascend - 
or descend a single foot more than is absolutely unavoidable. If a hill is 
to be ascended, the road up it should nowhere have even the smallest fall 
or descent, for that would make two hills instead of one; but it should be 
so located and have such ooiitings and fillings, as will secure a gradual and 
uninterrupted ascent thi^ whole way. 

In this point Juigin< ciitjg skill can make wonderful improvements. 
Tims, an old road in a, laid out in violation of this rule, rose and 

fell between its extieim^.91 miles apart, a total perpendicular amount 
of 3,o40 fecL witile v road laid out by Telford between the same 
points, rose :iud fell .iii\ -',957 feet; so the"^!,283 feet of perpendicular 
height is mnv dom.' away with, which every horse passing over the road had 
j’’ievioiisly bc.m obligi-d to ascend and descend with its load. The new 
road is, besides, more than two miles shorter. 

1(K1. The ini[i(jrta:icc of tlie question of gradients being thus established, ( 
it may be sufficient t(; say that the result of a large number of cases, seems ’ 
to show that a gradient of 1 in 30 is tiic maximum slope that is desirable 
on any metalled roial. 

iiiclim.tini.F, ;>re reduced to this limit, there is little loss of power, 
conqiared itli ; jicrfcet level in either direction of travel; for the increas¬ 
ed liihoi of (tsi-eiul’iig Is rompensated in a great degree by the increased 
case of df'seending, while on a steeper slope tliis advantage is nullified by 
thi i.ec(\-iKify of the animals holding back the vehicle to resist tlie excess of 
th<’ loi-cu of gravity. 

Any steeper slope than the above, therefore, entails a waste of animal 
power in ascending, and a certain amount of danger in descending, and should 
only be justified on very strong grounds. Of course there arc many cases 
in which such grounds arise, principally in connexion with the question of 
expense; as for example in Hill Hoads. But all such cases should be 
regarded by the Engineer as exceptional. And if on otlierwisc level lines 
it may be necessary to have steep gradients here and there, he will make 
them as short as possible. 

On a Kucha Road, for the reason stated above, steeper slopes may 
allowed, even to 1 in 20. 

164. It is not desirable in practice that any road should be on a dead 
level, as its surface could not be kept free from water without giving it so 
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great a rise in its middle as would expose vehicles to tlie danger of over¬ 
turning. But when a road has a proper slope in the direction of its length, 
not only do the side-ditches readily discharge the water which falls into 
them, but every wheel-track that is made becomes also a channel to carry 
off the water. This minimum slope, below which it is not desirable that 
'B road should be levelled, maybe fixed at 1 in 125, and in a perfectly level 
; country the road should be artificially formed into gentle undulations ap¬ 
proximating to the minimum limit. 

The following tables of corresponding angles and inclinations will bo 
found useful. 


Anglos. 

InclinatioziB. 

Feet per 
mile. 

r 

1 in 115 


r 

1 in 76 


1 ® 

1 in 67 



1 in 68 


2 * 

1 in 29 

184 


1 in 2.‘i 

291 

s ° 

1 ill 19 

277 

4 * 

1 in 14 

969 

5 

1 in 11 

462 


Tnclinations. 

AtlglCB. 

Feet iier 
mile. 

1 

in 

10 

5'^ 

40' 

528 

1 

in 

19 

4“ 

24' 

406 

1 

in 

15 

O" 

49' 

352 

1 

in 

20 

2' 

62' 

264 

1 

in 

25 

2° 

18' 

211 

1 

in 

00 

1“ 

55' 

176 

1 

in 

.*1.5 


38' 

151 

1 

in 

40 

1° 

26' 

1.02 

1 

in 

45 

]“ 

16' 

117 

1 

in 

60 

1“ 

9' 

106 

1 

in 

100 

0° 

35' 

6.0 

1 

in 

125 


28' 

42 


165. Cross Section .—The proper width must depend on the amount 
of traffic; the least width being IG feet, to enable two vehicles to pass 
with case; but in practice, roads arc rarely made of a less width than 2(1 
feet. In this country it is customary and advantageous to have a central 
width metalled (laually IG feet) and two side widths* of 12 feet, which 
arc left kucha for hackeries and horsemen. Tins makes a total width of 40 
. feet for the surface, which is sufficient for any first class road. Beyond 
;the slope of the cutting or embankment on each side, a space of some r)0 
ifect in breadth is usually taken, on which material can be stacked for the 
repairs of the road, and beyond this space again are tlic ditches which serve 
as a boundary and for drainage. 

On inferior roads, however, or where land is valuable, the breadth of the 
kucha portion on each side of the metalling may be reduced to 7 feet, and 

* Thcao ride widths shonld te kojrt clear of all material— or cart-nicn, ospociallr on lonn jonr- 
ncyn, prefer them to the metalled port, being much micr for the feet of the cattle. The metal may 
bo 90 feet wide where the trafllc Is very great. 
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the extra space beyond the side slopes may be dispensed with altogether. 
The ditches on each side should be triangular in section, or nearly so, and 
may bo 3 to 5 feet wide at top, and 1 to 3 feet deep, according to the 
amtmnt of drainage water they are likely to receive. Cross drains should 
be made from them, wherever feasible, leading to the natural water-courses 
of the country, and they should bo periodically cleared out to let the water 
run freely. Tlie slope of their bottom should not be more than 1^ to 3 
feet per mile, otherwise they are apt to be cut up by the water and to 
become worse than useless, (hi this account, indeed, many engineers ob¬ 
ject to side ditches at all, but there seems no reason for this if they are 
properly made and cared for. 

106. Trees whether in rows or topes should be outside the ditches, and 
always planted well back from the road, otherwise the drojipings from the 
leaves will injure the surface,* and their shade will keep it from drying 
properly. On this accomit, as well as from the difficulty of properly at¬ 
tending to long lines of trees, it is better to plant them generally in topes 
or clumiis, here and there, which are also perhaps more useful to travellers 
eiicami)iiig, while avenues may Ixj reserved for the neighbourhood of stations 
or towns where they can be better attended to. In all cases they must be 
defended by a circular wall of mud or (what is better) of wicker work, for 
tbc lirst three years of their growth. TIic Mongo, Sissoo, Siris, Veepul, 
Banian, Tamarind, Is’im, and other varieties, may be enumerated as proper 
for roadside ti'ecs in Upper India. 

167. The Side Slopes of cuttings and embankments vary with the na¬ 
ture of tlie soil, but the made earth of the latter requires a more gentle 
slope than the former. Rock cuttings may be left vertical; stiff clay will 
stand at 1 to 1 or 45®. Wlicrcver turfing is practicable at a moderate 
cost it should be carried out, especially for embankments, which otherwise 
will require a slope of 2 or 3 to 1; cuttings will in general adjust their own 
slopes and should be allowed to do so where there is room, before the road 
is open for traffic. 

The formation and calculation of embankments and cuttings will be 
described hereafter. If their height or depth is great, it may be necessary 
to reduce the breadth of road surface below what has been given above, in 
order to save fcxpense, and as the metalled portion should not be less than 

* This applioa more eapeRlaUy to MacadazDizod roods. In knnkur roads it seems doubtful wbotber 
tbe trees do not do more good than bum, in such a climate as that of Upper India, by protecting the 
borfaoe from tbe extreme dry beat. 
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16 feet, the surface width may vary between that and 40 feet according to 
the cost. 

The shape of the road bed should bo two inclined planes meeting at tiie 
centre and rounded off, the fall from the centre towards the sides should 
not exceed ^ an inch to a foot, or 1 in 24. 

In a road round a hill, the cross section should be a single slope inclining 
inwards with a ditch on the inside, this is to prevent the road being washed 
away at its edge (which often has to be built up) and to avoid the danger, 
especially in turning a comer, of the passengers falling over the khud. 
The drainage water, flowing from the hill above, is also intercepted by the 
ditch on the inside, wliich has cross drains at intervals leading under the 
roadway to the face of the cliff. 

,/t»v4€8. MetuUiug .—The primary object of hardening the road surface, is 
to diminish friction. The power of draught necessary to overcome the fric¬ 
tion of the wheels of a vehicle under certain circumstances, is called the 
f orce of tractio n, and its amount in fractional parts of the weight moved, 

' has been determined by experimeni for different road surfaces, and varies 
from on a kiiclia road to on a good macadamized road. And it may 
bo concluded that taking the greatest load that can be drawn by an animal 
on a level kucha road as the standard, the same animal would draw on a 
good macadamized road three times as much; on a kuukur road in perfect 
repair,/oKj* times; on a llailway, eighteen times. 

Jlesides dimiiiishiiig the labor of draught and saving the wear and tear 
^of vehicles, tlie metalling should also act as a water-tight covering to the 
road itself, and thus preserve it from injury by rain. Perfect metalling 
should combine the advantages of being smooth, hard, tough and binding, 
and should be laid on an unyielding surface. The last condition will in 
general, be fulfilled by laying the material in sufficient thickness on Ann 
earth that is properly drained, and has had time to consolidate. The other 
three conditions are more or less met by the various substances used as 
metalling—such as stone, kunknr, and bricks, besides wood, asphalte, and 
one or two others which are not employed in India. In general the 
proximity of the material practically determines the particular kind that 
shall be adopted. 

Stone .—The hardest kinds arc the best, such as granite, trap, and the 
hard limestones and sandstones. Stone may be used either in large blocks 
orb small pieces rammed together; the former is more suitable for a town; 
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the latter known as macadamizing^ is suitable for all Brst class roads, and 
will stand heavy traffic well when properly laid down. 

LcUeriie, which is a species of indurated clay or soft rock, is used very 
much on the Madras roads, but will not stand much traffic, bemg too soft. 

Gravel is also used in Madras, and makes a tolerable metalling for a 
second or third class road; it is in general not procurable in Upper India ; 
if mixed with chalk or lime into concrete its quality as a road material 
is very much improved. 

Kunhir, which is the material chiefly used in Hindoostan, is a peculiar ^ 
formation of oolitic limestone—found generally in nodules, sometimes in 
masses a little below the earth’s surface; it makes an excellent road, but 
requires constant repair if the traffic is at all heavy. The best is found in ' 
the neighbourhood of Allyghur, where it is dug out in large blocks and 
even used as building stone. The breaking of this block kunkur entails a 
good deal of expense, and if not broken at once when quarried, it becomes 
very tough and difficult to break afterwards. 

Roatls metalled with this kind of kunkur are very apt to be lumpy 
unless great care be taken to have the metal properly broken. It weans 
exceedingly well, however, when properly sized and laid. 

Jiric/c makes a tolerable metalling when no other is available, but only 
the very hardest kinds should he used. 

In the llombay Presidency, the chief material used in Hoad making is 
Moorum; as it is generally obtained close at hand at small cost, and afford.s 
the best sort of materials with which to commence a new road. 

The term moorum, is applied to almost all descriptions of sub-soils 
which arc suited for the surface of a road, by being at all harder than the 
common earth, and the surface of a moorumed road may contain in it 
difierent portions of sand, laterite, broken bricks, kunkur, yellow earth, or 
any hard strata, which may be met with below the surface. 

The real moorum is probably rock in course of disintegration. It is met; 
witli at a depth of 2 or 3 feet in regular strata, and is nearly homogene¬ 
ous in the same locality. It varies, however, in different localities, at 
almost eveiy mile, both with respect to its hardness and durability, as 
well as the size of the pieces into which it breaks. It is got with the 
pickaxe, and the very hardest moorum therefore that can be obtained must 
fall considerably short of metal. The usual form in which this material 
breaks is into flakes or clinkers, with sharp well defined edges; this sort 
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is a favorable dcscriptiou for binding under pressure and moistuie. There 
is another very good description of moorum which comes out in small 
blocks or nodules, nearly the size of a man’s fist; this kind is very difficult 
to bind, but when once well consolidated, it makes a strong and good road¬ 
way. A third description of moorum, differing from either of the above 
is of a gravelly nature. It breaks up into small pieces, and forms a very 
smooth pleasant road in tlie fair season, well adapted for carrying light 
traffic, and docs for cantonment roads. It is, however, not sufficiently 
strong to stand heavy traffic well, and in tlie rains it is not much better 
than an earthcni road. 

The method of applying the above materials will be treated of further on. 

168a* Subjoined are specifications for the new roads now constructing 
in the Province of Rajpootana, drawn up by Major Pollard, Superintending 
Engineer. 

General Description .—^Boads will be divided into four classes. Classes 1 and 2 
will 1« iiictulled and bridRefl up to a certain fixed water-way, and will dilfer merely 
in width, both hein};; adapted for quick tralRe in all weathers. 

A Jlrd class road will likewise he uvoilahlc for traffic in all wentlicrs ; hut the 
metalling of tiic road-.surface will be infeiior, and the larger bridges suited for a 
single line of traffic only. 

A 4th class road will be unmctallcd and uubridged; in fact, merely a fair-wcutlicr 
road on which the ground lia.s been dcared, and the uullahs made passable. It may 
be regarded as a commencement of a JJrd class road. 

<if land to he taken up far roads. —^'i'hc surrender of land for communication 
is always distasteful to the people of n comilry, but doubly so when the ground re¬ 
quired is capable of producing valuable crops,—such as opium, sugalf-cane> tobueco,— 
for which special qualities of soil are required. When such land is neces.sity 
absorbed within the road limits, it is advisable to reduce the width to a minimum, 
without prejudice to the ui)SDlutc requirements of the highway. This is simply 
managed by diminishing the side gutter, and giving u]) its exterior slojie altogether. 
In the spccificatious, therefore, two breadths arc shown,—the mirrowcr of which 
should 'cc adopted where the loud is of more than ordinary value. 

f^eeifeatioH of a Irt class road (See Jt^ujnres 1, 2, 3J. For n 1st class road, in 
ordinary land, the width required is 108 feet, dividtal as follows :— 

Roadway, .. .. .. .. .. 30 feet. 

Side slopes, 2x4,.. .. .. .. 8 „ 

Berm or cess, 2 x Hi, • • • • • • ^ » 

Side trenches, 2 x 20, .. .. .. 40 „ 

Total, .. 108 feet. 

This has been calculated from the requirements of a tw'o-foot enibanknient, with 
side slo|)e8 of 2 to 1. If the embankment exceeds two feet, the extra width for the 
base of the slopes must be taken from the ccss. 
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In valuable land the width may 
Roadway, . .. 

Side slopes, 2x4, 
Berm or cess, 2 X 1S> 
Sides trenches, 2 x S, 


be reduced to 78 feet as follows;— 

0 80 feet. 


30 

10 


Total, .. 78 feet 


The general specification of a 1st class road is;— 

Emhnnkwt.nt roadway to lie 30 feet wide, witli side slopes of 2 base to 1 height. 

(iradinilsi not to exceed 1 in 25. 

Jiraiiis and Ciih'erts, up to 10 feet waler-w'ny, to be .*10 feet between parapets. 

liriihji-n and Cutrmds, above 10 feet water-way, to be 20 feet in the elciir between 
parajicK 

MthiUiiig in black soil, or when* mooruin is procurable, to consi.st of a foundation 
of 12 ill'Jic^of iniioruin, ISfcct nidc, well consolidated w'ith a top layer of (5 inches of 
I'ImUi'* sloijc >r kimkiir. Where monrinn is not oliluinable, and ibe, soil hard and 
f’ln il" niclallini; " Ml be 0 inches of broken stone or kunkur, 12 feel wide. 

1 h'- oti’iiidc' for II 1st class road should include all bridgt's up to 1.50 feet water¬ 
way. .•in! ibis, they should be taken up as mdejiciidcnt Works, and form the 
ciilijcii , eparute Kstiniides. 

- Ilf a '2>td C/fjxs mud (Sr.r Figures A, —hVir a 2nd class road, 

III oidinarvr oil, Ibe width to be taken up is 80 feet, divided as follows :— 


biiiiiwuy, .. .. 

^ .lie slopes, 2x4, 

'Vss, 2 X 12, 

Side gidlcrs, 2 x 12, .. 


24 feet. 


8 

24 

24 


» 

» 

II 


Total, .. 80 feet. 


In .able land the debiil will be as follows:— 
Koadway, 

Side slopes, 2x4, 

eVss, 2x12, 

Side gutters, 2 x •‘1, • • 


21 feet. 


8 

24 

(i 


II 

If 

99 


Total, .. 02 feet. 


The 'ication of a 2 nd class road is :—Roadway to be 21 feet wide, and in 
:mbunkii)<-. to b‘’ve side slopes of 2 base to 1 height. 

firnd'ipti^s noi to exceed 1 in 20 . 

Dniins ant Culverix, below 10 feet water-way, hi be 20 feet wide between parapets. 

J dyrh and Vulrerfx exceeding 10 feet, to be 18 feet between jiarapets. 

JUrialfiiiff in black soil to have a nioomni foundation 12 inches thick, 15 feet wide, 
and a top layer of broken stone or kunkur 9 feet W'idc and 0 iiielie.s thick. In firm 
soil, where bnikcn stone or kunkur is used, th<! widtli will be 9 feet, and thickness 9 
inches. The cstimatis of a 2 nd class road sliuuld iueludu all bridges up ^to 100 feet 
water-way. 

Sj)ecif ration of a 3rd class road—(Sec Figures 7, 8 , 9 ). The land to taken np 
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for Srd cinss ronda uoder ordinary circnmstances, is 72 feet, reducible in valnable 
land to 54 feet. 

The detail of the varions parts are 

Roadway, .. .. .. 20 feet. 

Side slopes, 2x4, .. ,. .. 8 „ 

Cess, 2 X 10, .. .. .. .. 20 „ 

Side gutters, 2 X 12, .. .. 24 „ 

Total, .. 72 feet. 

And the decrease, when necessary, can be made by reducing the width of the side 
gutters to 3 feet, as has been shown in the specification of a 2nd class road. 

The general specification is, roadtoay to be 20 feet wide, witli side slopes of 2 to 1. 

Gradients not to exceed 1 in 20, 

Drains and Culverts, up to 10 feet water-way to be 18 feet between parapets. 

Bridges and Cnlrerts, above 10 feet water-way, to be 14 feet between para]>ets. 

Metalling, where moortun is obtainable, to be of that material cxdiiBivcly, 14 feet 
wide and 9 inches thick. Where broken stone or kunknr is used, to bo 9 feet wide 
and 8 inches thick. 

The estimate for a .‘li-d class road slioiild embrace all bridges up to 75 feet water¬ 
way. 

Specifieatmn of a 4f/i class road. —^For a 4tli class road, land should be taken up 
64 feet wide, and the bomidary marked by a small trench. It will not lie embank¬ 
ed, bat should necessity dcmatid it, it can hereafter be completed as a Srd class road, 
of which it is only the commencement. 

Its siicoifieation is :— 

All ground between the boundary trenches to be levelled and cleared : nullahs to 
be niinped, and tnaile passable for wheeled traffic. All hills or ghats to be reduced to 
a gradient not exceeding 1 in 18. 

Probable cost per mile, —Tlie cost of these roads will naturally vary according to 
localities, but it may be set down roughly as follows : — 

Ist class roatl, per mile, .. Ra. 14,000 

2nd class road, ditto, .. .. „ 10,000 

3rd class road, ditto, ., .. „ 6,000 

4th class road, ditto, .. .. „ 1,000 

A 1st class road being expensive, is only adapted for an artery, connecting the 
principle Militaiy Depots ; for a main Postal line ; or the chief Commercial outlet 
of the countiy, where the traffic is such as to warrant the outlay. 

A 2iid class road may be adapted to connect the smaller Military Stations with their 
Reserves, and with each other. It is also suitable for connecting Commercial Marta 
with the main line, or the chief outlet for tlicir exports, whether this be a Ist class 
road or railway ; whilst 

A 3i\l class road will be found to suffice for the internal communication of the 
country between the more populous towns. It will also be found a useful style for 
short railway feeders ; and where a road is required as an outlet for an isolated dis¬ 
trict. 

A 4th class road must be looked on merely ns a preparation for a Std class line. 
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Unless greatly favored by nature, it will be impassible in the rains ; but for eight 
months of the year, it will be found a useful adjunct in many ways, not the least of 
which will bo its habituating the people of the country to the necessity of setting 
apart a portion of their land for communications. 


Ck}MPAltATiV'li: Statkmisstt, shoKintf the dimensions oj the various classes of 
Heads proposed for Rajpootasia and Central India. 


ClasB of Iloatls. 

Width of land to 
be taken np. 

i 

•s 

e 

IM 

o 

.0 

Width of ilrldircK 
iind CiilviTte Im*- 
ween ParapetB. 

Width of HctallinR. 

1 

o 

I 

S 

Inordinary ; 
land 1 

o 

I'd 

a 

to 

Up 10 feet 
water-way. 

Ef 

> +4 

JL 

« S3 

5.S 

■M 

Broken stone 
or kaukur. 

1st Class road, .. 

108 ft. 

78 ft. 

.10 ft. 

30 ft 

20 ft. 

18- Xl2' 

12'x6' 

1 in 25 

id Class road, ... 

80 ft. 

G2 ft. 

24 ft 

20 ft 

18 ft 

15' Xl2' 

9X6' 

1 in 20 

, Uvd Class raad, ... 

72 ft. 

64 ft. 

20 ft 

18 ft 

14 ft 

14'X 0' 

• ■ 

1 in 20 

1 4tli Class road, ... 

r>4 ft. 

54 ft 

• • 

• • 

■ s 

• • 

• • 

1 in 18 







CHAPTER XXXVI. 

SURVEY, DESIGN AND ESTIMATE. 

169f In laying out a road in an old country wliich has been long in¬ 
habited, and in ^?hich tlic position of the various towns is already deter¬ 
mined, wo arc left less at liberty in the choice and selection of the line of 
road, and must be guided in that choice by diilcrent considerations, to those 
which would determine the route if made through a new country, where our 
only object was to establish the easiest and best road between two distant 
stations. In the first case we should take into consideration the position 
of the various towns, &c., situated near the intended road, and its course 
worild be to a certain extent, controlled thereby; while in the second 
case, we should simply examine the physical character of the country, and 
base all our proceedings on the result. Whichever of these two cases how¬ 
ever may have to be dealt with in the ultimate selection and adoption of 
the line of roail, between these points which are fixed by other circum¬ 
stances the same careful examination of the physical character of the 
country should be made, and the same principles should control the 
choice. 

The first step to this is the rcconnoissance or survey. From an inspec¬ 
tion of the best maps, the general lino of a road may in most cases be 
determmed. And on tliis general line particular points will be found 
through which the road must pass; these obligatory or guiding points 
would be for instance a low gap, ghat, or pass in a range of hills that has 
to be crossed; a narrow part of a river suitable for a bridge, a favorable 
place for crossing a Jheel, &c. Between these points, one or more trial 
lines will be chosen, deviating from the straight where local impedimenta 
intervene, or according to the judgment of the Engineer, who should 
walk over them backwards and forwards and examine them carefully map 
in hand. 

Where the maps are not in sufficient detail, it would be necessary to select 
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points to the right and left of the imaginary line of road, to connect them 
by a careful theodolite triangulation, and to fill in details by piano table and 
compass, so as to have an accurate survey of the belt of country, more or 
less wide, through some part of which tlie line would evidently have to 
pass. Or, a separate survey must be made of each trial line by a Theo¬ 
dolite traverse, the villages and other important points being laid in by 
cross-bearings with the compass. With the sever^ trial lines all plotted 
on paper to tlie same scale, a good map will be obtained from which the 
exaxit line of road can then be selected. 

Tliis will be now carefully traversed and levelled—the levels being taken 
at regular intervals (from 100 to 500 feet apart according to the nature 
of the ground) and cross levels at all important points, such as where the 
ground slopes sideways, where a hill or stream or sw'amp is passed, where 
in fii'-t any peculiarity renders a deviation probable or tliat extra expense 
will be neccssaiy. The nnuibcr and nature of his bridges will then be 
do ided from a due consideration of points which have already been des¬ 
cribed in the ^section on Butdoer ; the nature and description of culverts 
and di’ains; of nictiiJliiig; of turfing for side slopes; of tree-planting; 
mile-stoiies; &c., will nil have to bo considered and provided for in the 
estimate, wliicli, with the accompanying plans and sections, can now be 
prepared. 

170, Having thus gone over the necessary steps from the survey of the 
country to the finislied estimate, we may consider one or two of the steps 
in detail. 

It will of course, often occur that no trial lines arc necessary; the route 
to be taken by the road being apparent. In few cases will more than two 
be needful; and the final line selected may be one or the other, or a modi¬ 
fication of either, according to circumstances. 

In passing from one guiding point to another, our line of road may run, 
—1st, Across a valley to comiect two points in two chains of hills; or 2nd, 
Across a chain of hills to comiect two points in two valleys; or 3rd, To 
connect two points in the same chain of hills; or 4th, To connect two 
points in the same valley. 

In the first case it will in general be found less expensive to make a 
considerable detour, so as to cross the valley and its drainage water to¬ 
wards Ihe narrow head, instead of running the road straight across with 
heavy embankments and ex|)ensive bridges. 

von. II. 2 A 
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In tiie second case, also, the line of road will in general deviate much 
from the straight by having to ascend and descend the hills on each side 
of the pass, by such scig-zags as may meet the requirements of the ruling 
gradients. 

The third case will comprise roads entirely through hills; and the fourth 
case, those running entirely through plains, being the simplest, and also 
in India, most general‘cases of all. In the third case, so long as tlie two 
points to be connected lie on the same side of the ridge, (which is the 
most common case,) the road would run at the foot of the hills, so as to 
cross all the water-courses where they issued from the hills; to save lieavy 
and (hthcult work; and to accommodate the inhabitants who would be at 
the foot of, rather than on^ the hills. 

171. Lotigitudinal sections .—These will be prepared from the levels 
taken on the final, and if necessary, the trial, lines. For the latter they 
need only bo in sufficient detail to enable a fair approximation to be arrived 
at, as to the comparative cost of tlio earthwork, and as to the graiUtmts 
that will be required on each. The method of determining these points 
will be the same in both ca,scs, and will be discussed further on. 

For the final line, the working section should be made on a lionzontal 
scale, of not less than 500 feet to the inch, and a vertical scale of 20 feet 
to the inch. "^Che level of the surface of the ground above the datum, at 
every point where the levels have been taken, i. e., at every 100 feet, should 
be figured in on the section; and tlie depth of cutting or height of embank¬ 
ment, at the same points, should be given in another column. This is ob- 
twned by taking the difference between the levels of the surface of the 
ground and the level of the road. The latter, known as the formation sur¬ 
face^ is fixed on the secticn by a due consideration, 1st, Of the gradients 
neces.'Jary; 2nd, Of the importance of keeping the road surface clear of 
inundation; and 3rd, Of reducing the quantity of cutting and filling to a 
minimum. Its determination, therefore, especially if the profile of the 
ground be very irregular, is a matter requiring much care and thought on 
the part of the Engineer. 

The principles for determining the question of gradients have already 
been given. 

In order to keep the road surface above the level of inundation, it will in 
general be sufficient to fix it a little above the level of the highest fiood 
marks on the ground: these may generally be determined by careful obser- 
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vation of the marks on neighbouring trees and houses, aided by enquiry 
from the inhabitants of the district. In crossing a loige tract of low land, 
however, it must always be remembered that the road embankment will 
intercept the surface drainage; and tliough due provision, may be made for 
passing this drainage through the road by Bridges and Culverts, (see below,) 
yet in case of heavy rain, the drainage water will be dammed against the 
embankment before it can pass through, and rise much higher than it did 
before the road was made. In such a case, a clear height of 3 feet should 
be allowed above the noted flood levels. 

But, ill districts where the rain-fall is heavy and the country subject to 
inundation, it will be necessary to make a calculation of the maximum 
quantity of water that will have to be passed through such embankment, 
by estimating the rain-fall over the catchnaestJiflsin (see para. 85) and for 
vh'ch provisitm must be made in designing the bridges and culverts. This 
is 'iften a vtry dilficult task, arising chiefly from the impossibility of ascer¬ 
taining at j*u acr 'rately the area of the basin, and also from the shifting 
course of most Indian rivers, by which the spill waters of one river may 
efton csi’ftpe "from their own valley and try to pass down the adjoining one. 
IjxUm' aary falls of rain too occasionally produce floods which baffle all 
previous calculations, and bridges are carried away and embankments heavi¬ 
ly breached in consequence. 

To guard against such accidents it is recommended to make some por-. 
tious of a 1. ng embankment lower than the rest, so as to provide a safety 
valve for extraordinary floods, and in very dry countries where the annual 
rain-fall is scanty and floods micommon, the whole roadway may sometimes 
be kept level with tlic surface of the ground, so that no risk is run or ex¬ 
pense incurred from damming uj) the rain water; and the only inconveni- 
cii' t is ])erhaps a temporary stoppage of the traffic for a few hours during 
the year. This plan has been pursued on the Umballah and Kalka road 
and on t. "’indh Hailway. 

A voi'hmj plan should also be constructed on the same horizontal scale 
as the section, upon which the position of the various levelling stations 
should be noted, and numbered to correspond witli those in tlie section. 
On this plan, the rood should be drawn in of its correct width on its upper 
surface, and another Unc on each side showing the foot of the side slopes. 

17S, The depth or height of cutting or embankment being obtained, 4 i 8 
above, at each point on the section, and the cross section of the road being 
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determined by the considerations before noted under that heading, tlie 
quantity of earthwork is ascertained in the manner explained, under the 
Section Eaethwork. 

Where a large number of calculations have to be made, the help of 
Tables saves much time and trouble, and it is often useful to draw out, 
and prepare one’s own Tables for the particjilar work under computation. 
Thus, in drawing up the estimate for a road wth a uniform breadth of 
30 feet, and uniform side-slopes of 2 to 1, it would save much time to cal¬ 
culate all possible values of the trapezoidal section for every half-foot or 
quarter-foot of height or depth, up to the highest likely to be used. The 
proper formulm can then be used with great facility, as shown in the 
example given further on. 

The contents of each cutting or embankment should be written upon 
the section, The gradients should also be noted on the line representing 
the formation surface. 

Where land is expensive and it is essential that no more ground should 
be taken up than that occupied by the breadth of the road, it is important 
that the amounts of excavation and embankment should be made to balance 
each other in the estimate. If the former is in too great excess, the extra 
quantity of earth has to bo disposed of in spoil-hmJcs heaped up at the 
sides of the road. If tlie excavation is deficient, earth has to be dug from 
the sides ^called side-cuttings) to supply tlie deficiency. In cither case, 
there is waste and expense which should be avoided if possible by raising or 
lowering the gradient lines of road as shown on the longitudinal section. 
This equalization must, however, be within certain limits, for it should 
evidently be abandoned when in order to fetch the earth from excavation to 
embankment, it would be necessary to go to such n distance, that it would 
be cheaper to buy extra ground close at hand for the side cuttings (techni¬ 
cally, when the lead of earth exceeds a certain distance depending on the 
comparative cost of carriage and land). 

If the cuttings and embankments arc to be paid for at the sane rates, 
and a cutting and embankment bo sufficiently close to each other to admit 
of the earth from the cutting being used for the construction of the em¬ 
bankment, both would not be paid for. For instance, if tlxc embankment 
received the whole of the* earth excavated from the cutting, in addition to 
whatever more might be in the embankment, it would be sufficient to pay 
for the embankment. On the other hand, if the earth from the catting bo 
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greater than the embankment can receive, the surplus being deposited in a 
a spoil bank, or otherwise; it will be sufficient to pay for the cutting 
only. 

If the cuttings and embankments arc to be paid for at different rates, they 
must, of course, be taken out under separata headings in the estimate. In 
this case, if the rate for the embankment be higher than that for the cut¬ 
ting, and an embankment receive the wliole of the earth from an adjacent 
portion of cutting; it will be sufficient to pay for the embankment. 

But if the earth from the cutting be greater than the embankment can 
receive, the surplus being deposited in a spoil bank; then in this case the 
work to be paid for will be the whole of the embankment at the embank¬ 
ment rate, and only the portion deposited in the spoil bank, at the rate for 
cutting. That is, the excess of the cutting over the embankment will be 
i'UKi for as cutting. 

Should the rate for cutting be the higher, a similar but inverse arrange¬ 
ment would be followed. 

Jn cither case, tlic proper quantities to be paid for at each rate should be 
(.hown in tlic estimate. 

In calculating the ([uantities of earthwork in excavation and embank¬ 
ment, due allowance must be made for the shrinkaye of tlie latter, which 
will vary from one-eighth in light sandy soil, to one-tw%lfth in gravelly 
earth, of the <]uauli<y excavated and thrown up into embankment; in other 
words, that additional quantity must be provided for in calculating what 
cutting is required for the finished embanlunents. Uock, on the contrary, 
occupies more space when broken, its bulk increasing by about one-half. 
In practice, therefore, excavations should in general exceed embankments 
by 10 ])cr cent. 

lySi Culverts, arc openings left in the embankment to pass the surface 
drainage of the country. They are usually built of masonry, and may be flat- 
topped, or arched, as is found most economical. Tlieir size depends on the 
amoimt of prater to bo passed, but the necessary space should be gi^n by a 
number of small arches, instead of one or two largo ones, to prevent the' 
embankment being unduly raised. Where the amount of water to he passed 
is considerable and runs in a regular water-course, a Bridge is necessary. 

Sections and plans of culverts arc given in the annexed Plate. They 
should be provided with floorings if there is any rusk * of water, and if the 
soil is bad; or if there is a great weight of embankment above, they may 
have inverts below the flooring, or the section may be egg-shaped. 



182 


SUJIVET, DESIGM AND ESTIMATS. 


174( In preparing the Estimate^ the cost of the yarious items most be 
carefully worked out for the several localities. The items will, in general, be 
Surveying expenses, which would probably be given in a lump sum, or 
would be included under the head of superintendence; Lining out at so 
much a mile; Earthwork, at so much per 1,000 cubic feet;* Metalling, at 
so much per 100 cubic or superficial feet; Drains and Culverts, at so much 
per 100 cubic feet of masoniy; Dridges (by themselves, as separate detail¬ 
ed estimates); Mile-stones, at so much each; Tree-planting and fencing, 
at so much per 100 trees; Superintendence, at so much per cent. 

Tlie cost of Earthwork depends, on considerations which have been al¬ 
ready explained in Vol. I, para. 354. (See also ante, p. 160.) 

Cost of Metalling. —For a 16 feet road, the quantity of broken stone 
will be 16 X ‘75 X 5,280, per mile, for a metalling 9 inches tliick = 
63,360 cubic feet. For a kunkur road, it will be 52,800 cubic foet,f the 
thickness being at centre 9 inches beaten to 0 inches; and at side.s, 0 intihes 
beaten to 4^ inches. Cost of each, including labor, on which more will be 
said presently, will vary from 2 to 3,000 Rs. per mile. One man can break 
about 20 cubic feet of hard stone in a day, which would be about 160 
cubic feet for the nipee, or Rs. 396 j>er mile; besides the first cost and 
carriage of material and laying it on the road. 

From former tlraml Timiik lload rates it appears that kunkur was stack¬ 
ed by contract at the side of the road at about Rs. 1-4 per 100 maunds 
when brought from a distance of 1,000 to 2,000 feet. This is at the rate 
of nearly 500 Rs. per mile, but docs not appear to have included any price 
paid for the material itself. The following has been supjdied to me by an 
experienced Road Engineer, but the figures are too low' for present prices. 


Excavation will range from 
Carting, (within 3 miles,) per mile, 
Staeking at road side, 


. 0 ]r> 0 to 1 8 0 

. 0 8 OtoO 9 0 

. 0 1 0 to 0 1 6 


* • 

Consolidation, 


1 8 0to2 2 9 
. 0 10 0 to'o 14 0 


Total pw 100 cubic feet of kunkur metalling carted (g 2 OtoS 0 G 
one mile, ) ' 


Rates of Work on. the Lucknow and Fyzabad Road, which is still under 

* And in bill toads, Blasting at ao much per 100 or 1000 cubic feet. 

• i 0raboutil,000, a cubic toot otlnuikui weighs about 05. 
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construction, may usefully lie quoted; they have it is believed been found 
sufficient. 

Earthwork (ordinal^"),.at Rs. 2 per 1,000 c. f. 

Do. in high embankment and carried 150 
yards,. at Rs. 4 

Tnrfing slopes.nt As, 4-6. 

Metalling, kunkitr, carried an average dis¬ 
tance o£-2 layers each 4i inches 

thick.nt Rs. 5 j)cr 100 c. f. 

Pucka brick masonry set in lime, for culverts, nt Rs. 17 per 100 c. f. 

Milestones.at Rs. 1(5 each. 

Tim following were the Rates of Work actually executed on the Lahore 
wid Pe^haumr Road np to 1st May, 1853, calculated on an average of all 
the divisions:— 


Enrtbwork,.at Rs. per 1,000 c. f. 

Masonry, .nt Rs. 12-11 per 100 c. f. 


The following were rates, at that time estimated to complete the above 
road:— 


Kunkur inctalling, carried for a considerable 

distance, .at Rs. .^,fi.30 per mile. 

Stone iiietalling canned fi'om six to nine 

miles, .at Rs. 8,000 per mile. 

Tunnel excavation,.at Ks. 20 per 1 ,(KK) c. f. 

Tunnel masonry,.at Rs. 2.5 ]«t 100 c.f. 

Drj' jiiasoiiry for retaining walls,.at Rs. 6 ]>or 1(K) c. f. 

Milestones, .at Ks. 60 each. 


As to tlie cost of Bridges and Culverts it is evident that it must vary 
almost indefinitely, but on the Grand Trunk Hoad it has been estimated at 
from Rs. 75 to 10(i per running foot of* water-way for small bridges, and 


from Rs. 3 to 400 for large ones. 

The following is the average cost of Macadamized Roads in the Madras 
Presidency^ 


Width of road, . 
Width of metalling, 

Cost of earthwork, 

Do. of metalling, • 
Bridges and Culverts, . 
Sundries, . 


30 feet. 
» 

£ s. d. 
166 14 d 

16.3 IG 0 
302 14 0 
40 0 0 


£673 4 0 


If an addition be made to this sum for the cost of superintendence, &c., bringing it 
np to £750 per mile run, this will bo an ample allowance for any contingency. £65 
per mile has been estimated as the annual cos4 of maintenance. 
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175f We shall next treat of the Comparison of Cost with Returns. 
This is a question that the Engineer may or may not liave to consider. In 
general he receives his orders to construct a 1st or 2nd class road, from such 
a place to such a place. Often the importance of the road cannot be mea¬ 
sured by the money returns. It may be a military road, important in a stra- 
helical point of view, but of no great consequence to trade. Or even where 
made for commercial piuq)Oscs, it may be difficult to show the actual gain to 
the makers, who in India arc generally the Government; and who derive no 
direct advantage from it, except perhaps from tolls, which barely suffice to 
keep it in repair. But, as it is to be hoped tliat the time is not far distant, 
when private individuals or companies may expend part of their own re¬ 
sources in making roads, as a good commercial speculation, giving adequate 
returns, either directly in the shape of tolls, or indirectly in the saving of 
carriage and cost of transport of productions, it is right that the rising 
generation of Engineers should understand the principles of the question. 
First, then:—Tliat road, which is truly cheapest, is not the one that has 
cost the least money, but the one which makes the most profitable returns 
in proportion to tlie amount expended on it. In its construction it should 
of course, while violating none of the principles that have been above laid 
down, be so laid out as to require the least amount of expensive works, and 
with an eye to the proximity of the materials used in its construction. 

Wlien, however, the cost of construction ha.s been properly estimated, 
the returns to be (expected from it arc next to be ascertained; and though 
tlicse will of necessity be approximations only, yet experience has shown 
that the right application of prin(yple.s will enable a very fair result to be 
arrived at. This result will be in the shape of the annual saving of labor 
in the carriage of goods and passengers, which the construction of the road 
will produce. If this annual saving exceed the annual interest of the 
money to be expended, (at whatever per centage the money can be obtain¬ 
ed,) then whatever bo the amount of that excess will be clear gain* to the 
proprietors of the road, to be taken by them in the shape of tolls; or in 
cheapening the carriage of their own goods. «A.nd the result so worked out 
from traffic previously existing, may always safely bo assumed to be below 
the mark, as experience invariably proves that good roads are not merely 
a convenience to the old traffic, but will also create a very large additional 
traffic, 

* After pAj’ing for Rond maintenance nnd repairs. 
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176« Say tliat it is proposed to substitute a good metalled road in 
place of a kneba road actually existing in any district, the road being 
already raised and bridged. 

As a first step, returns of actual traffic must bo made. These will be 
taken by obseiTcrs stationed at different points with printed forms in their 
hands showing the number and description of carriages, carts and animals, 
whether laden or unladen, passing to and fro. They should be taken for 
several successive days, care being taken to ascertain whether it is average 
traffic or due to any special and temporaiy cause, such as the holding of a 
fair or the like. 

The cost of this traffic is next to be considered. Let us neglect the 
question of speed and consider only the weight. Assume that the road is 
30 miles long and that r)00,000 inaunds (t)f passengers, cattle, grain, &c., 
a veiy moderate amount) are annually carried. The average friction of a 
kuelia road may be. taken at of the weight. The annual force of draught 
required will therefore he 25,000 mannds = 2,000,000 lbs. If the average 
power of draught of a bullock at 1 '5 miles aii bour for lO.'hours a day bo 
taken at 50 Hjs. there w’ould he re(piired 40,000 bullocks to transport the 
above in two days, or 80,000 in one day. .ikiid taking the daily hire of a 
bullock at 'i annas, the annual cost of transport of the above traffic would 
be 20,000 m. 

177, Let the road now be supposed to be metalled—so that the ani¬ 
mals would draw thw'c times as much as before. 

Then the saving woukl evidently be 13,333 lis. per annum, which the 
carriers could afford to pay either in tolls or iu paying for the metalling 
ihcinseh'cs. If tlie money were borrowed at 10 per cent, this would re¬ 
present a capital of lakhs, and as the cost of the metalling would not 
exceed 90,000 Us. at 3,000 lis. a mile—there would be a clear gain of 
40,000 Rs.* besides the saving in time, and in wear and tear ot animals 
and vehicles, and the profit on extra traffic which would be attracted to the 
good road, which might be set against the annual cost of repairs. 

Next suppose the old road is only to bo improved by being shortened a 
mile by a new alignment of part of it. Then ^^^th of the original distance, 
and therefore labor = 007 Rs. would be saved, representing a capital of 
6,670 Es., and if the proposed diversiou can bo made for this sum, it 

» Or if the money raiaud wore tbeir own, they would get a handaome return of 30 per cunt, for 
tliclr money. 

VOL. II. 2 a 
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should be made at once. It is clear there will be a further saving in 
having a mile of road less to repair. 

Next, suppose that the origin.al road has a heavy gradient, 1 mile long, 
at a slope of 10 to 1 to the top of a hill, which it descends by a similar gra¬ 
dient on the other side; and that by making a detour of a mile, tlic gradient 
can bo reduced to 30 to 1. It appears from the table, p. 109, that an animal 
can draw 2^ times as much in the latter case as in the former, so that to 

draw the above the traffic would cost Rs. = 3,333 Rs. more 

annually than with the lighter gradient; so that if the extra mile could be 
made for Rs. 30,000, it would be worth making. 

These calculations will show the principles on which similar ones in 
like cases should be conducted. Some such calculations should, whenever 
practicable, accompany every design for a new lload. It is tnic, as remark¬ 
ed above, that the pecuniary return would be nominal, rather than real, so 
far as the Government was concerned, but it would at least serve to show 
the absolute benefit to the community that would arise from constructing 
or improving the road; and indirectly, no doubt a good lload is as profit¬ 
able to Government as a good Canal, 

178* Tho following Memo, will be found to bear directly on the above 
question. 

JUxlfaci of a letter from, the Pogt Master Gimcral, J^'orih H'estcrn. Pewitires, 
dated 30r/t September, 1850.—A calculation baaed ou tlic returns of tlic iiulloek 
Train, goes far to prove that without any reference to tlic general inten'sts of tho 
country, tho want of a road to Lahore annually causes Government to incur an ex¬ 
pense greater than would keep in repair, and pay interest on, the original cost of 
construction of a metalled road. 

The following statement shows the actual number and weight of packages conveyed 



Miles. 

■S s 

p 

Gross Weight. 

Cost ol 
Conveyance, 



1 

Mds. Srs. C. 

B8. A. P. 

From Allahabad to Cawnpore, 

125 

8,mi 

C,002 29 9 

1,748 0 0 

From Meerut to Umballah, . 

128 

1,992 

2,929 1 0 

2,632 10 8 


from Allahabad to Cawnpore, and from Meerut to Umballah, in the mouth of May, 
1850, together with the cost of establishment on each road. 1 have selected May as 


* Oue>flttwnth of the wbola diatanoe. 
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a month in which tlic CMtiiblishmcnt was fully employed, and one during which there 
are no difficulties arising from rain. 

The di.stanccs are nearly equal to each other, and to the distance between Rnmanl 
and Loodinna; so that the com]>arison can be at once applied to the latter line. 

The result is that the actual cost of conviying and guarding one ton of goods on 
the luetiilled road is Ks. 8-2-1 * while on the nnmctiJlcd road the cost for the same 
distance is Jls. 2.'i-2-0.f Fi-om these data it is c.asy to estimate the cost of leaving the 
road in its ]irc‘<eiit state. The smiifi mentioiitsl, merely show the aeinal charge of 
liaainge in dr> weather, and do nf)t include the co.st, and wear and tear of carts and 
wagons, or any cstim.ate of the loss occasioned by the nmnctalled road by delay cansed 
by Vain. 

If thewboh* were completed by the Biitisli Govermnent, the cost could hardly 
exceed 11s. 5,000 a mile. At this rate, the total cost would be about six and a half lakhs 
of riqices. Tlie anuiial cost of keeping a metalled road in repair is I believe, about 
11s. ."00 a mile; all establishments included. The total annual charge on the road in 
qucbtioii may therefore be reckoned at 11s. 70,000. 

Intci'cst on Gr»0,000, at 5 per cent..‘12,.’;00 0 0 

Annual rcj)alrs of J 28 miles, at Jls. 000 per mile, . . . 08,100 0 0 

Total, . . 70,000 0 0 

The difference in the cost of the conveyance of each ton of goods would be as 
above, Jls. 17-0-5. 

Charge for conveying one ton on nninetallcfl road, ... 2.> 2 C 

Charge for eouvcyance of one ton on metalled vend, ... 821 

Difference, . 17 0 5 

H [herefore the weight of goods, for the coat of convoying which Government is 
charged, anionnts in llic year to ‘1,101 tons, the whole cost of making and keeping the 
road 111 repair would h" covered. 

I have no means of knowintr the weight which actnally passes between the Pri'- 
vinces and LoiKlianii, furiiiitc to the Fiin'iab, the Jullniulur Doali and Ferozeiiorc ; but 
if OrdTiiinee and Coiiiinissariat stores, baggage of troops, and misecJlnneous .artiele.s for 
civil establishments, arc taken into account, 1 conceive that on the average of years, 
the amount would not fall .‘diort of tb.it inilicatcd above. 

'J'o this must he added nuniy udv.-mtages, money value of which cannot be show'n ; 
such as incr«a.scd siiecd ami regularity of the mails ; the absence of all obstnictions 
to the luovcinent of troops ; and the avoidance of the tliousaml annoyiuicos, delays, 
and injnrie.s which arc now caused hy a shower of rain. 

It is needless to dw'cll on the iiijnry to the trafiic and gcnev.al interests of the coun¬ 
try, by a state of things which trijdcs the cost of carriage, ami for four months in each 
year ]iractieally closes all communication above Tuirmiiil and Seliarunpore. 

On the Trunk l^ad, a pair of bullocks can with ease drug a ton of goods. Even 
if therefore, a toll of 5 ra|»ecs w'us imjioscd on each cart drawn by two bnllocks, the 
merchant and }mblie would gain 12 rupees in each ton of goods passing between 
Kumnul and Loodlano. 


• Per ton per mile, Rr. O-O-Oj. t Per ton per mile, Rs. 
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179. The following shows cost of transport of (100 maiinds weight of) 
goods one mile, by different conveyances. 


Mode of trimsport. 


Ocean long voyages, . 

American lakes, . 

lliidsnii river,. 

lliie camils, . 

Ordinary canals. 

Coal llnilwnys, . 

Fnvomble ]iasseiigi'r lines. 

Passenger liues, st.ce|i gradients,... 
Hast India Railway, lowest rati*,... 
Oountry carts, o>er metalled road, 
„ „ country 

Indian Carri ing Ooinpany over tlie 

Grand Tnnik Road,. 

Pndnilde rate by Navigable C.anala 
in Ui)]iei' India,. 



Eeuahxs. 


1 mil. = 80 lbs. 

'I 

Obtained from 
rejiort of State 
Engineer of New 
York lor 

’ 

Indian rates 
of irniisjiorl for 
^-grains ami the 
elieajiest dcserip- 
tion of goods. 


Note. —The jaitimble rate of Interest to be eliavged on goods would be one anna 
per IflO mpees daily, or 22} ]K?r cent, nearly (22*8 per cent.) Thiirefore the cost of 
transport of 100 nmiiiid.s of grain, worth 100 rupees at prime cost, eimieyed by Canals 
a distance of aOO miles, would be— E. A. P, 

Cost of carriage of 100 inaunds-- - .. = 18 12 0 


Time of tnmsport, 25 days, at Rb. 0-1-0, .. 19 0 


Total, .. 20 5 0 

or ncarlj*^ 20 per cent, on prime cost. 

Should the. rate he niduecd to 8 pic n mile 

The cost of carriage of 100 mds. = =: 12 8 0 

^ 12 X IG 

Time of transport, 2.5 days, at Rs, 0-1-0.=: 1 9 0 


Total, .. 1-110 

or only 14 per cent, on prime cost. 

By the lowest rate of R.silw.'jy charges, 

The cost w’onhl be 800, at Rs. 0-2-1,.= 89 1 0 

Add time of transport, 2 da^s,.=: 020 


Total, .. 39 3 0 

or .89 ]icr cent, on prime cost. 

By country Carts on Metalled Roads, 

The cost would be 800, at Rs. 0-4-0,.= 75 0 0 

Add time of transport, 25 days,. dt 190 

Total, .. 

or 76'73 per cent, on prime cost. 


76 9 0 
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By country Carte on Untnctallcd Roiulg, its. A. P. 

Thn cost would be SOO, iit Hs. 0-5-4, .. .. = 100 0 0 

Add time of transport, 25 days, .. ., = 1 9 0 

Total, .. ]0l 9 0 

or over cent, per cent, on prime cost, with no allowance made for back hire. 
By Bcdlook Train over the Grand Trunk Bond, 

The cost would be .100, at Us. 0-C-ll, = 114 3 0 

Add time for transjiort, 9 daj s, at Us. 0-1 -0, .. = 0 9 0 

Totid, .. = 114 12 6 


or nearly 115 per cent, over prime cost for the cheapest class of goods, and 100 per 
cent, over the lowest rate by canals. 

Comi)uring the c«ist by llailwny and by Canal, if the canal rate is one nima a mile, 
it is only one-lnilf the. railway rate nearly, and about one-third the railway rate, if the 
charge lie only M jiic. Therefore, till tlic interest on tlic capital of prime cost makes 
np the diffemnec owing lo tliu hrs oi time hy tho canal, water tran.sport would be 
].!, l.Ti-od t,> railway eniTiage. That is, no goods would be sent by raihvaj'midcr 
or.lijiaiy eiri'iini.stanees that cost less than 14 rujiees a iiiaund, for 


R. A. P. 

100 inaimds tvaiisporU'd ,100 miles, (ni Us. 0-1-0 .. .. = 18 12 0 

Interest on 100 iiiaunds, (r.; Us. 14 for 2,5 days, 0 Us. 

0-1-0per eeiit.., .. .. .. .. .. = 21 14 0 


40 to 0 

And 100 niaimds for ,100 iiiile.s, (?/; Us. 0-2-1 .. .. .. = 39 1 0 

Interest on lOO iiniiinds, (ij) Us. 11 for 2 days, (?r) Us. 0-1-0 

]iri'cent., .. .. .. .. .. .. = 1 12 0 


• 40 13 0 


Again, suppose one Uiiropean Soldier costs the state £lO0a-ye.ir, or Us. 2-11-10 daily, 
and tliat he can be conveyed by rail 1,000 miles for Us. IG in three day's, the cost to 
Government would be— 

n. A. V. 

Us. 2-11-10 X 3 .. .. =830 

Add railway charge, ., 1(1 0 0 


Total, .. 24 .1 0 

To inarcli 1,000 miles at the rate of 12 miles a day, w'ithout holts, would occupy 83 
days, and Us. 2-11-10 x !^3 = Us. 227-G-4 ; i>i', hy u <[uick railway, he can he carried 
at nearly one-tenth tlic cost to Govcninicnt than if he had to march, and bis services 
arc available 80 days sooner. The natural eonelnsion to be arrived at therefore is 
that both quick Uuilways and slow navigable Canals, are required for tlic protection 
and development of India. 


180. Annexed are Plan, Longitudinal Section, and Estimate of an 
actual Road, which will serve as a guide to the student, and will help to 
explain tlie preceding paragraphs. 

Lucknow and Fyzahad Hoad.—First Section from Lucknow to Nawahgungtt 
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distance IGJ milet .—The new road proceeds in a direct line from the iron bridge, 
Lucknow, for a*distance of 600 feet, and then cnrv'cs slightly through the half ruin¬ 
ous bazars of Mosahibgnnge and Chawguugc, uilJ thence in a direct line till within 
2,000 feet of the Kookrail bridge, whore it joins the old road by a gentle curve, thus 
saving the formation of any new embankment on the low' ground near tlie river. In 
this piece of the road, nine drain bridges 10*0 rc(|inred, to pass off the drainage of the 
country into the Guomtec, and its branch, the Kcrakrail. 

From the Kookrail nuddee, the old road is followed up to the outskirts of the town 
of Chinhnt, a distance of about four miles. In these four miles a good deal of em¬ 
bankment was raised before the mutinies of 1857, and two small drain liridges were 
bnilt, some of the gradients, however, were verj* steep, and required altcratiuii. In 
this distanex;, the two old bridges, and four small drain bridges, arc rctiuisite. 

The road formerly went through the town of Chinluit, (as shown in the annexed 
plan by a dotted line,) making a large cirenit for the purpose. It baa been shortened 
by going out-side of tlic town. In the new piece of embankment outside tlic town are 
tlirce drain bridges. 

At a little more than a mile beyond Chinhnt, is the Thnkoordw'ura Nullah which 
I propose crossing by a bridge of 30 feet w'uterway, the foundiitions Iwing on blcK^ks. 
The soil is sandy to a depth of 12 feet, at which depth there is a laid of kunkur, into 
which the blocks mil be sunk. During severe floods, the Water now covers the road 
to some distance on caidi side of the bridge. A good deal of heavy cmhanknicnt is 
tijcrcfore rc((nircd here, whioli will extend from this nullah to another, (the Iinlcc 
bund,) one mile further on. The Imlee bund nnllah is to ha™ a bridge of 40 feet 
water-way. Drawings of these two bridges .are gi\eri. 

For the next five miles there is now no emhniikmcnt, and it is rctpiisitc to riitsc the 
rond ill this disbmcc to a slight extent, the height of cmhaiikmciit varying from 1 to 
3 feet. 

The next object ot^any irrqiortanee is the Tlcyt nuihih ; neiY)as this there is an old 
native bnilt pucka bridge, before alluded to, of seven arelics, liaviiig a total wuter-uay 
of 60 feet 

JJetiveen this unllali and the station of Nawabgunge, some emhankineut is required. 
Two bridges of 18 and 10 feet water-nay respectively, will have to he, eonstnu-ted over 
small drainage channels close to the station. 

Between the present civil station Jinil the town of Nawahgiingc, is the odur native, 
bridge referred to in the conimcneement of the Jlejmrt. 

It has three arches, with an aggregate water-way of 20^ feet. 

road to he everywhere 30 feet wide at formation level, witlj a 
centre width of metalling of l(> icet; side ali>pcs, 2 to 1, whether in cutting or cm- 
hankmeut; ditches ns shown in cross section giieu. 

The earth to Iw taken from side cuttings outside the ditches, nowhere to exceed 2 
feet in depth. 

Side slojws to Iw timfed with dkooh grass. 

Metalling to be <if kunkur in two hiycns, each 4.J inches thick at the centre, and 3J 
at the sides, to be separately consolidated. The lower layer to consist of the larger 
pieces not exceeding 2 J inches in diameter ; the small kunkur will be kept for the 
npper layer, and will he washed and screened. The bed for the knnkur to he horizon¬ 
tal, and sunk 6 inches below the formation surface, so that the metalling, when con¬ 
solidated, will be flash with the earthem sides. 
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A higher rate has been assnmed for the embanked apprrarhes to the iron bridge 
and Kookrail nnddee/ irbere the embankment mns np to 26 feet in height, and the 
earth has to be brought from a distance of 100 to 300 yards. 

Drain. Bridget .—^Tho foundation of piers and abutments to be emrried down to 
good firm soil, and those of the wing walla to the same depth throi^hout their length. 

Curtain walls «, fret deep to be provided, as shown in the drawings, and a flocning 
to consist of one brick-on-edge, over two courses of flat bricka ' 

All the masonry to be of the best kiln burnt brick 12* x 6' X 3*, in England bond, 
set in mortar, consisting ot equal parts of choor, lime and soorkhcc. 

All exposed surfaces to be riilibcii and pointed with fine mortar between the pointn. 

The filling in of the earthwork behind the wing walls to he done in lajen not ex> 
teciling i‘i inches at a time, and to he well rammed. 

'Flic otucr details as in the drawings. 
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ESTIMATE of Earth-work in a portion of the 1st Sectioh of the 
Lucknow and Fyzabad Hoad, vide Plan and Specification. 


Speoifieation.-^Tthe road to be SO feet wide at the formation surface, with side slopes 
of 2 to 1, in both enttings and embankments. 

The heights of the several sections arc taken to the nearest quarter of a foot, 
according to the Table below, which is first calculated. 


Ko. of 
eluda 
stamp. 

Height 

of 

BocUon. 




Mean sec¬ 
tional area 
calculated 
from for- 
mulic, 20 or 
•J1 itiVol.I., 
poro. 340. 

Length 

of 

prismuid. 

Cuhic contents. 

Areas of soettons. 

Cutting. 

Embank- 

nient. 

80 

1-70 

58-60 

• « 

• a 





31 

400 

• • 


■ • 





S3 

4-43 

• s 

175-50 

s s 





33 

0-48 

16*50 

• s 

• s 







2;7410 

• * 

» 9 







3705 

327-60 

• « 

364-65 

100 

36,455 


33 

6-66 

238-62 

• s 

s s 





34 

4E3 

• • 

175-60 

• e 





35 

363 

• • 


140-62 





36 


* * 

200-00 

« « 





37 

6-37 

s • 

• • 

212-62 





38 

4-28 

• • 

163-62 

.. 





39 

3-32 

• • 

t * 

118-66 





40 

3-49 

• • 

129-50 

• • 





41 


000 

* 

• t 

»« 








668-62 

4 

471-80 

2 







238-62 

2674-48 

, 943-60 

3866-70 

3 

100 

• • 

1,28,667 

41 

1-68 

68-60 

mm 

• « 




42 

2-21 

• • 


• • 





43 

3-74 

• t 


• » 





Cattied for*) 
ward, .. 1 

68-60 

218-20 

• • 

• • 

• 

36,465 

1,28,667 
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Va Af 

H«iabt 

of 

section. 




Hean sec¬ 
tional area 

I<en|;tb 

primold. 

Onbio ooBtonts. 

AO Ol 

chain 

itomp. 

Areas of sections. 

calcnlatcd 
from for¬ 
mulae, 20 or 
ailnVoLI., 
para. iHO. 

,0nttinff. 

Embank¬ 

ment. 

Jroughtfor-) 
ward, .. ) 

68G0 

218-20 

• • 

• • « 

• • 

36,455 

1,28,667 

44 

1-98 

• ■ 


• • 





45 

ICG 

f « 


• « 





4G 


000 

mBtt 

• • 







2J58'60 

9 9 

• • 







29-30 

344-80 

i 

« • 

374-10 

100 

37,410 


4G 


000 

• • 

i 

9 * 





A7 

3-93 

* • 

162-00 

• * 





4S 

4-44 

m • 

.. 

175-50 





49 

1-74 

• • 

68G0 

• • 





50 

1-10 

3200 

• • 

« ■ 








210GO 

4 

176-60 

3 



! 


1 


3200 

842-40 

351 00 

1225-40 

3 

100 

■ • 

40,847 

60 

000 

OOO 

•" i 

• • 




51 

2-11 

.. 

68-00 i 

• « 





52 

2-70 

• ■ 

• a 

97-57 





63 < 

0-34 

• ■ 

7-02 

• * 



1 


54 

2-57 

• 

• • 

87-50 





55 

103 

• • 

32-00 

• • 





56 

000 

0-00 


■ • 








107G2 

4 

185-07 

2 







000 

430-48 

370-14 

800-C2 

Q 

100 

26,687 


56 

1*47 

49-60 

• 9 

• • 

9J 




67 

1-45 

• • 

49-60 

• 9 





58 

1-C4 

• ■ 

■ • 

49-60 





69 

222 

• • 

77-58 

• • 





■a 

2-20 

1 

• • 

• • 

77-68 





H 

1-88 

a • 

68-00 

• a 





Carried for-} 
ward, .. f 

49-60 

196-08 

127-08 

m 9 

• • 

1,00,662 

1,69,404 

1 
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No. of 
chain 
•tump. 

H^bfe 

section. 




Len^h 

primoid. 

' Cobto oontenta. 

Areas of socUodb. 

Cutting. 

Embank¬ 

ment. 

Brongbtfor- 1 
ward, .. ) 

49-50 

195-08 

127-08 

B>S 


1,00,652 

1,69,404 

62 

3-27 

• • 

* * 

118-66 





63 

217 

• • 

77-68 

• • 





64 

C-GO 

•» 

• a 

279-60 





66 

2-37 

• • 

77-58 






6G 

. 3-67 

•» 

• ■ 

129-50 





67 

402 

• • 

152-00 

• • 





68 

611 


• • 

25200 





69 

4-05 


162-00 

* o 





70 

SG2 

• • 

• • 

139-50 





71 

4-84 

• • 

16363 

• • 





72 

2-07 


• • 

97-57 





73 

217 

• • 

77-58 

* • 





74 

210 

• • 

• m 

68-00 





76 

2-47 

• • 

87-60 

a • 





76 

1-28 

• • 

• • 

40 60 





77 

007 

«• 

• • 

* * 





78 

000 

0-00 


• * 








GO 

iO 

a ® 

1242-31 

2 







49-50 

8,931-76 

2481-63 

6466-88 

100 


2,15,629 






3 








Total, 

•* 

1,00,662 

3,8' ,933 














Table of Areae of Crosx Si ionx of a Cvttiotj or Emhankmrot for a Hoad, — 'I’lio rond to be 30 feet wide at tbe formation surface, 
with side slopes of 2 to 1, in botli cuttiiiiis and cnibankments. Tbt' surface ('utliuc of the several sections supposed to be tolerably level, 
and the sectional areas* ealcnlated by the following formula, S = 27; (/> + A), where S = area of Seetion, k = height, and 2 A = breadth 
of formation surface. Therefore in this particular case, S, = 2 A (lo + A). 
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CHAPTER XXXVH. 

LINING OUT AND CONSTRUCTION. 

• 

181. TLo work on a Road may be executed )»y contract or by daily labor. 
The former method is the most economical, but the coutractovs should bo 
well watched to see that inferior work is not substituted. t)therwise, bad 
lime and bricks and batlly built masonry will be g^ven in the briflgfcs and 
culverts, and the defects, concealed by plaster ; the loundations wdl not bo 
dug to the proper depth, and the embankments will not be put togoLmr 
properly, so that unequal settling and bulging and extensive sbps will lie 
continually occurring. 

If daily labor be employed, task-woik should be exacted from tho 
various gangs, which should have leave to go and be paid up as soon as 
their task is completed. 

Whatever arrangement are made for the execution of the work, the 
Engineer has, however, first to mark it out. 

Tho straight portions should be laid out by the theodolite—a series of 
flags being ranged in tho proper line by the observer. Tlicsc arc to maik 
the centre lino of the roadway, and therefore the centie line of all the 
Bridges, Culverts, Embankments and Cuttings. This line should be 
chained and the sites of the levelling stations in the working plan maiked 
at every 100 feet by wooden pegs The toi>s of those pegs should be Iciol 
with the ground, and the levelling staves for tho working levels should be 
put upon them. Thus they become bench-marks, but in case of their wilful 
or accidental removal, permanent bench-marks should bo established when¬ 
ever a pucka building or well is passed, or if there arc none, solid cubes 
of masoniy, 1 foot each way, can bo let into llie ground at every 1,000 
feet. 

183. When there is a change of direction and therefore an angle, the 
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angular point must bo rounded olT. The curve uued is genertdl; a segment 
of a circle, and as to sweep the curve with a sufficiently longi^ radius would 
be <^nvcniiicnt in practice, various methods are used by which an approxi¬ 
mation to the curve is laid down sufficiently accurate for all practical 
purposes. 

Curves may bo laid out in several ways, a few only of tlie most useful 
methods for ordinary practice arc given here, including tliosc applicable to 
Kail ways and Canals where greater accuracy is required than in the case of 
Koads. 

The length of radius to be given to a curve is manifestly inde¬ 
terminate; for if AB, BC be two portions 
of a line of a road meeting in B, and it 
be required to unite them by a circular 
arc DE, wc have by plane trigonometiy, 
DB = DO tan DOB, and since DOB 
is constant, DB varies as DO; wo may 
therefore citlier fix the point D and its 
coiTCspondiiig point E in the other lines, and find the radius DO by the 
above, equation; or wc may assume the length of the radius DO, and thus 
deU'rmiiie the length of the tangent DB, that is, the distance of D from 
the intersciition B of the two lines. 

In ])ractice, the first method will generally be necessary; for if any 
obstruction P, as a well or house, be situated near the line, the com¬ 
mencement of the arc must be taken so that P may be entirely witliin or 
wittiout the curve. Agaiu, if there ho no features of the ground to deter¬ 
mine the question, as often happens in India, from the open nature of the 
country, a good method nill be to fix the point I) at some convenient dis¬ 
tance from A the commencement of the road, with reference to the division 
of the road into miles, furlongs, &c., remembering however that the radius 
til us determined should never be less than 1 mile, and that ceteris paribus, 
the greater the radius the better the road. 

The number of chords must depend on the amoimt of curvature; {lie 
fewer chords there are, the less trouble there will be in laying out the 
curve, while on the other hand they must not be so long as to have any 
sensible inclination to one another. The versed sine of half the angle sub¬ 
tended by the chord at tlie centre, gives the greatest deviation of the chord 
from the arc; and by finding this versed sine for different numbers of chords. 


B 
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the Engineer will, generally, after two or three trials, be enabled to fix 
their number. 

183. Methods of laying out the curve —Isi method.—Centre invisibhy 

no angular instrumint required .—Find the 
length of tho the sine of 1° to the given ra¬ 
dius, and lay off this distance in continua¬ 
tion on the strait line as from B to C, and 
from the point thus obtained, lay off at right 
angles tlic versed sine to the same angle and 
radius. The first point 3) in tho curve is 
thus fixed and by producing tho chord BB 
(= 2 sin 30' X radius) to a distance DE BD cos 1®) and from 
the point E setting off at right angles EF = BD sin 1®, a second point 
is thus obtained. By continuing to produce the last chord in a similar 
manner and setting off the off-set, tho remaining points arc established. 

2nd Method.—Same conditions as IsL—Sometimes the ground without 
the curve, only, is adapted for chain 
measurements. In wliich case, when 
the curve is not a long one, i. e., does 
not exceed say one-quarter of its ra¬ 
dius, the following method may be 
found useful. Lay off equal distances 

Pi Pm P 2 Pm from A along 
ACj and perpendicular off-sets p, 

&c., the points w, Wj, &c., fixing 
tho curve. 

To find these off-sets. 

p, m, = A|), tan CAw, 

P 2 = 2* X »», 

Pn Jrtj. = »* X m, 

* For draw mi n„ ni, n^, &c., perpendicular to AO 

Then to, n^ = Ap,* = A», (2r — An,) 

= An, X 2r nearly, since An, is very small 

compared with r 

= 2?, X 2r 

nti n* = Ap* = 2* Ap,* = An, X 2r nearly 
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= pa 7»J X 2r 

p* wij, : p, ffij:: 2* Api* : Ap,* 

or Pjj Wj = 2* Pj »»i 
similarly, pj flij = 3* p, »i, 

&c. = (fee. 

Cane IT—By the same method to lay out the carve ichen it is a long one. 
—In a long curve, the tangeuls, if prolonged to their point of meeting, 
Tvould necessarily fall at a great distance from the curve, thus giving an 
inconvenient length to 
the off-sets which in prac¬ 
tice should never exceed 
twcj chains. To remedy 
tld-; inconvenience, the 
curve must be dmded in¬ 
to two or more parts, by 
iiitrodneing one or more 
additional laiigeiits, and 
thus the off-sets may be 
confined within their 
proper limits. In the annexed figure the curve AC is divided into two 
unequal parts at B ; at which point the tangent DBE is introduced to meet 
the tangents AI>, CE iu D and E. The tangent AD must first be measured 
to an extent not exceeding one-eighth of the radius AO. Then, iu the 
right-angled triangle ADO; AO, DO are given, from which tho*langle ADO 
can be found; this angle, being doubled, gives the angle ADB which de¬ 
termines the direction of the tangent DBE. If no angular instrument bo 
at hand to lay off this angle, the length of CE can bo calculated, and by 
measuring ofl the distance CE, the point E will be obtained, and by joining 
D and E, the tangent DBE. This done, the off-sets to the curve may be 
laid off as in the last case, tlio order of off-sets being inverted in DB and 
again in BE. 

Srd Method—Same condiiiotis as first. —Sometimes it may be most 
convenient to lay put the curve by off-sets from its chord or chords, where 
obstructions, on its convex side, prevent the use of the preceding method.' 
Let ACB, be a portion, or the whole, of a railway curve; HA, a tangent 
at its commencement; TC, a tangent to its middlo point C. Take if possi- 
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ble tlie chord AB, an even number of chains; find tlie successive ofif-sets to 
the radius AO and the tangent TC (=s AD = one-half AB) the last off-set 
TA will be = CD; from CD 
subtract the successive off-sots, 
and the remainders will be the 
off-sets p. r/, &c., which must bo 
set off in an inverted order from 
A*to D, and their order must 
be again inverted in setting 
them of from D to B. If the 
curve be not yet completed, the 

operation may be contimied by taking other chords, as BE.* 

Ath Method.—Centre vhibh and accessible, no angular instrument re¬ 
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quired. —Tliis method may sonietime.s bo used Avith advantage especially for 
curves of large radii. Find the centre of the curve by the intersections of tlic 
perf)endiculars to the tangents at the points of contact; place a signal-staff 
at that intersection, and also at the intersection of the straight lines pro¬ 
duced. Divide these lines into any cflnvenient number of equal parts, and 


set off at each, in the direction of the centre, a distance =: + i^—r^ 

r being the radius of the curve, and d the distance from the point of contact 
to the point on tiic straight line. 

181:. hth Method.—Centre visible and accessible, angular instrument nc~ 
cessajy. —Where the curve is quick and the ground over which it passes is 
hilly, hut at tlio same time is commanded from the points of coutact and 
centre, lliis*mothod is attended wuth great advantages, inasmuch as the 
points are established independently of each other, and arc free from all 
error which may arise (and which in the previous method must be allowed 
fo’*) from the sloping of the ground. Tliis and the succeeding two arc the 
simplest methods of all, as they require no calculation or measurement of 
oft-sets. They depend on the well known properties of the circle, that the 
angle contained by a tangent and a chord is equal to the angle in the alter¬ 
nate segment, and the angle at the centre is double of that at the circum¬ 
ference. The appropriate radius having been selected, the angle which a 
chord, of about the length which it is required to have the points apart, 
would subtend at the circumference (i. e., the angle in tlie alternate seg- 


• It will V>e Been that the tangent TC, ie not naad In the operation further than to explain tlie na- • 
tute of the muthoS of obtaining the olf-ertB. 
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mcnt) is computed from the formula, sine of the angle =s 


d X rad of tablet, 

. r» - - 


where d s= length of chord, and r = radius of curve: thus supposing r = 
20 chains, the angle which a chord of 100 feet would subtend would be 
2“ 10' 15"; with an ordinary theodolite this angle could only be laid oflF 
approximately; an angle of 2** would therefore be adopted, the points due to 
it being 92’13 feet apart This being chosen then us the angle, two theo¬ 
dolites would be set up, one at B the other at O, that at B having its teles- 
b cope directed on D, and that at 

0 on B, and having clamped 
their lower plates, the points in 
the curve will be obtained by 
the intersection of the arcs 
formed by moving them through 
2® and 4® respectively; for the 
angle DB p = angle in alter¬ 
nate segment of the circle = one 
half the angle at the centre 
BOp. An assistant must of course move by signal a flag-staff until it is 
intersected by both theodolites, when he will pat down a picket to finally 
mark the spot. 

Zth Method.—Centre invisible, angular instrument required .—The points 
in the curve in this method are fixed by intersections from the points of 



c 



contact of the tangents; first find the angle ACB, suppose it to he 2a, 
VOL. II. 2 D 
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then AOC sa 90*—o, and if the required curve is to be composed of n 
chords, and Ap^ is the first of these, p^ the second, &c. 

Then ^ CAp, s= 
and ^ CBp, = (90"-a) ~ 

if therefore a flag-staff be moved until it comes into the intersection p^ of 
Axj and jp, will be a point in tl^e curve. 

Similarly i_ CAp 2 = 2~p 
ZCB/>, = (90-a)^ 

and so on. 

185. lih Method.—Same conditions as Gth .—It will often happen that 

the services of a second person capable of using the theodolite are not avail¬ 
able, in which case the above meth*od cannot be applied; the curve must 
then be laid out by theodolite and chain. Calculate the lengths of the chord 
A/jj, A/Jj, Apj, AF, (see last Jig.^) lay off banderoles along the lines Ajt,, 
Ax„ &c., (the angles CAar,, CAarj, &c., being successively /3, 2 /3, 3 &c., 

and |8 being found as already explained,) and measure the chords along 
them. Proceed similarly from the point B. The point F the centre of the 
curve should of course coincide with the same point as measured from A; 
if any small difference exist, the mean of the two points should be taken. 
To find the l^gths of chords 

Ap, = 2 sin — 

2 

Apj = 2 sin AO p, 

&c. = &c. 

This method has the disadvantage of requiring a separate calculation 
for each chord, but this will not he of consequence when the number is 
small. It possesses also the further disadvantage that an error made 
in measuring the length of any chord will not be detected; on the other 
hand, any error in one chord will not alfect the accuracy of the rest, as 
would bo the case in many of the methods ordinarily employed. 

186. The Compound Curve, consists of two, three or more portions of 
arcs of different radii, and is adopted where the line is required to pas» 
through given points to avoid obstructions, or where a principal station or 
terminus is required. 
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187t Caae I.^To find the radius of the compound curves the starting 



point and one radius being givm .— 
From the given point B in the tan¬ 
gent AB, draw the given radius BO 
perpendicular to AB ; and draw the 
cur\''e to some point C, where it 
is found convenient to change the 
radius; draw the radius GO, and 
perpendicular thereto draw CT', 
meeting the tangent DT in T'; 
rnalw T'C' = TC, and from C' 
draw C'O' at right angles to TO', 
meeting CO, prolonged, if neces¬ 
sary, in O'; then O' is the centre 
of tlie arc CC' of the curve, con¬ 


formable to the nature of tangents. 

Case Il.—^One of the ttro radii of the compound curves and its starting 
and closing points being gicen, to find the other radius. 

Let AB, C'l) be the tangents, B and C' the starting and closing poiflta 
of the curve. Draw the perpendiculars BO = C'H =: given radius, 
to the tangents ; join Oil, and bisect it in F; draw FO' perpendicular to 
OH, meeting C'H prolonged in O'; join 00' and prolong it till OC = 
C'H: then the points O, O', are the centres of the arcs BC, CC', which 
constitute the ciin c, O'C = O'C' being the radius required. 

188t The Serpentine Curve is used in railways when obstructions or 
some other cause render its adoj>tioii preferable; it consists of two circular 
arcs of diU'erent or the same radii, ha'\'ing their convex sides turned in op¬ 
posite directions, like the letter S, whence it is sometimes called the S 
curve; the two portions of the curve have a common normal at their point 
of junction, and therefore a common tangent at the same point. This 
curve affords the most easy means of joining two parallel, or nem-ly parallel, 
poHious of a line of railway. 

Ctise I.—One radius and its tangential point being givm, to find the other 
radius and tangential poitft of the Serpentine Curve, 

From the given tangential point C, draw the radius CO perpendicular to 
the tangent CD, and draw the curve CG to some point G where it is found 
convenient that it should have its point of couti'aiy flexure; through OG 
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d»w Hie nonnal OQO'; from G draw GT at right angles to OGO' to 
meet the tangent AT; make TB =.TG; and draw BO' perpendicular to 



AT, meeting OGO' in O'; then O' is the centre, and O'B = OG is the 
radius of the curve BG, as is evident from the nature of tangents. 

Case II.’-—When the tangential points and one of the radii are given, to 
find the other radius. 

From the given tangential points C and B draw CO, BH respectivelj, 
perpendicular to the tangents CD and BA, and equal to the given radius; 
join OH and bisect it in F; draw FO' at right angles to OH, meeting HB 
prolonged in O'; and join 00', meeting O'G = O'B; then 0 is the centre, 
and O'B = O'G is the radius of the portion BG of the curve, as required. 

Case III.—Whm the two portions have the same radius, to determine that 
radius, the tangential points and their distance being given. 

Let AB, CD be the tangents, B and C the given tangential points, and 
BC the given distance, draw Bo ?= Co' respectively, perpendicular to AB 



CD and of any convenient length; through o, parallel to BO draw o g in¬ 
definitely ; with the compasses apply oV' ss 2Co' s» 2Bo; through C, o* 
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draw (h"0, meeting BO prolonged in 0; and through 0, parallel to o*o'j 
draw 0, O', meeting Co' prolonged in 0'; then 0, 0' are the centres, mid OB 
and O'O are the equal radii of the serpentine curve BGC, the common nor¬ 
mal of the portions BG, GC of the curve, being OGO' = 2B0 = 2C0'. 

189# Curve of Deviation .—In some cases it may be necessary to make a 
given deviation from a straight line of railway, so that the works may avoid 
a building or other obstruction situated on or near it; this is don^y means 
of three curves as follows:—Let ABCD be a straight portion of the railway, 
k a building or other obstruction on the line. Take HQ of a sufficient 
length for a deviation, that the lino may avoid the object at h ; and through 
Q draw a curve GQG' of radius QO' equal to, or greater than one mile. 
Draw also two curves BG, G'C, of like radius, to the first ciirve at G and 
G‘, and the line at B and C; then the lines 00' and O'O ' joining the 

centres of the curves, will pass 
through their contrary points 
of flexure at G and G'. Put r 
= common radius OB = O' Q 
= 0"C, and d = required 
deviation = HQ; then BH = 
H C = r — rf); and the four equal chords BG, CG, &c., are each 

equal to a/U r. 

Having given these various methods of determining the radii and common 
normals, indicating the positions of the tangent points of the parts of Com¬ 
pound, Serjicntinc and Deviation curves; the manner of laying out the curves 
themselves by the previous methods, ^^cording to circumstances, will be 
readily seen, recollecting that when junction point of curves of diilerent 
radii occur to commence the operation afresh, by using the radii and tan¬ 
gent of the respective portions of the curve. 

190i CoKSTRUCTioN.—The construction of the EartJmorh has already 
been treated of in the section of that name. 

In crossing a swamp or 6oy, the great object is to drain it thoroughly. 
An open drain should be cut on each side of the proposed Boadway and 
parallel to it, the two being connected by cross dr^s, and from these other 
drains must be taken to the natural water-courses. If attempts at drain¬ 
ing fail, the road may be boldly carried across the bog, but peculiar mater¬ 
ials must be used. It is of no use throwing down bricks, stones, clay, 
and other heavy material, under the idea that an embankment will be rdsed 
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up somehow, for they will siuk in and diBappear. Drainage must he car¬ 
ried as far as possible, the bearing surface distribiited as widely and evenly 
as possible, by means of fascines and hurdles, and the lightest materials 
used for the embankment itself, so that in fact it may float on tlio surface 
of the bog instead of sinking into it. It was in this way that George 
Stephenson carried the Liverpool and Manchester Railway over Chat Moss, 
after the^utractor had given it up in despair, 

191. Metalling ,—Wooden block paving, plank roads, asphalte paving, 
stone block paving, are rarely if ever used in this country. In general we 
have to deal with the following sorts—Broken stone or Macadamized 
Roads, Kunknr, Brick, or Moorum metalling. 

Whatever be the metalling used, the great recjuisito is that it should rest 
on an unyielding foundation; the embankment must therefore l)C well con¬ 
solidated before the metal be laid on, and a thickness of not less than G 
inches of consolidated metalling allowed to distribute tb" jircssnre evenly, 
as well as to stand wear and tear. 

For the first, the proper kinds of stone have already been pointed out. 
The stones should be broken by a hammer into rough cubes that w’” pass 
through a 2^ inch ring; the surface of the bed should be prcpuicd to its 
proper form and the stone laid dowri in layers of 4 inches thick, which 
should be successively thrown open to traffic until each layer is consolidated 
before another is laid down. Not loss than two layci’s will be rc<|uired, and 
three should be used where the traffic is heavy. A little gravel or sucii like 
material may be used to bind the upper surface more elfectually, but it is 
not essential. Heavy rollers may also be used for the same purpose simi¬ 
lar to those described furtlier on. X very good one may be made of sheet 
iron packed with brick, and drawn by several pairs of bullocks. 

For kunknr roads the material should also be laid down in layers 4^ 
inches thick. Tw'o layers will generally be sufficient for an Indian Road, 
(except on first class roads, where three will be necessary), forming a total 
thickness of 9 inches of consolidated metalling, and they may be consolida¬ 
ted in two successive seasons. The lower layer should consist of the block 
kmikur, (where procurable,) and may be made of pieces 4^ inches in dia¬ 
meter ; this will form a rough surface, and will act as a foundation to the 
upper layer, which should consist of small kunknr washed and screened. 
Each layer must be consolidated with heavy wooden rammers while drenched 
with water. On this work being properly done depends the goodness of the 
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road. It is generally done thus: three rows of men with rammers standing 
close together follow each other at an interval of some 6 feet apart from row 
to row. The kunkur should have three rammings. Ist, when dry; 2nd,. 
when wet; 3rd, when drenched with water. The men should be splashed 
from head to foot, or tlie supply of water has hcen deficient and the work 
will bo spoilt. If there are 4^ inches of kimkur at the centre, they should 
be beaten to 3 inches; 3 inches at sides should he beaten to 2 inches. 
I’his is M'hcn the road bed is made horizontal. Hotnetimes, however, the 
road bed receives its proper shape, and the kunkur is spread of an uniform 
thickness as in the case of stone metalling. The kunkur should, when 
finished, he as smooth and unifonu as a stone pavement, and must then be 
left to dry before any traflic is allowed on it. 

WixMc, kiinknr is scanic and dear, the lower layer of metalling may be 
formi'il of j>i(>ces'of liard brick. 

RaauH —When tin* brinks are made from nearly pure clay they 
f'u ni a good metal; hut if sand predominates, the bricks are friable and 
quinlvly jmiveri/.e. The contents of the whole kiln should be brought into 
use; Ww Jltiiinn, or vitritied portions, being used for the foundation, and 
the peela, or imderbnrnt^mijced with the other brick will cause it to bind. 

193, The foll((\ving notes on Uoad Metalling in the Uombay Presidency 
refer to MjKtrma liauii,-:. 

Wiieiio’ ci our Junds ^rill ji]]ow, tlu* irKvmun is spread in a layer of 12 iiiehcs, with 
II rnblde .one hoitoiuing over the siih-soil, and forms a ro.'ulway jicrfeetly eajuible 
of u<’ioninnKliitjii*; Ihe trallln for the first few R eal's, As the tnifHc iuercases, tlie road 
emst. or surfaec loses ils siiongy and porotis nature and becomes more tough and con¬ 
solidated with e;u*b suecoeiiing year ; but we rilso hcc-oine uw'are, as our road gets into 
use, of a great difl'(*reni*e in streiiglh in the several ])ortions of the line, owing to 
tlie vurj-ing cliaraetor of (he iiiiMiruni. Our attention must now be turned to the eli¬ 
mination v>f all sneh weak and bad jiortions of the line. New rntwrum pits must be 
scarehed for, and failing their (llseoverv, the lead from the good pita mu.st be extend¬ 
ed from either side of these plaees, so .as to shut them out, and liring the strength of 
the line up to nearly an uniform level throughout. 

In many places where the moorum spread has been of a superior quality, and the 
crust of the road is sufficiently strmigto cany with safety a thin coating of metal, it 
would be advisable to substitute broken stone for moornm, in the annual repairs, as at 
the some expenditure, stone is more durable titan mooram. A strip of metal, 12 feet 
broad by altont 2 inclien deep, laid in the centre of the roadway during the monsoon, 
would find a bod for itself on the moorum snrfarA*, This would give about 2 cubic 
feet of metal to the running foot of road, instead of 4J cubic feet of mooram, that 
would be required for repairing the roadway, 18 feet wdde and 8 inches deep with 
this latter. But as 2 cubic feet of metal are fully equal in wear to 5 cubic feet of 
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moornm, there is a saving in using stone, besides providing a road properly passable 
during the rains. The cubic foot of second-class metiJ would cost Rs, 6, and an outlay 
of Rs. 12 on metal would give results equal to Rs. 15 on moorum of the average 
•quality. 

193, The following notes upon the Rollers used for consolidating road 
metalling will also be found very useful 

The rollers usually emi>loycd on moorum roads arc made of .stone, such as hard 
trap I they are in length about 4 feet, and 2 feet diameter, weighing say 1 ton each, 
or 47 lbs. to the inch of bearing surface. To ascertain whether the effect of these 
rollers is sufficient to give us a surface bard enough to carry the traffic witliout injury, 
we must compare the compression cxerciswl by them with that of the wheels of a laden 
cart, which carry in all probability the greatest weight per inch of bearing surface of 
any traffic using a road. Our rolling operations will evidently be of little efficacy 
unless they provide a stratum sufficiently tough to rc.sist the action of the cnrt-whecls, 
or in otlier words the weight of the rollers should Iks, inch for inch of bearing surface, 
at least equal to that on the cart-wheels. We may assume that each laden cart bos a 
total weight of at least half a ton, including the cart itself ; this gives 5 cwts. on each 
wheel, and taking the tire at 2 inches ]»road, a ])rcssnre i.s jnroduocd of 280 lbs. per 
bearing incli. This is six times the ]ir(?ssurc of our stone rollers, and leads to the 
belief that there is little efficacy in ndling with such light weights. It is evident that 
if it be possible to procure rollers witli a bearing weight of 280 llis. per incii or up¬ 
wards, our labors would be much lightened. These views are confirmed by experi¬ 
ence, as we find that with light stone rollers, the upijcr crust or surface is only made 
smooth, and below this is material in an anconsolidatc^ state; the roadway being 
conscKpumtly smm cut through and broken up by the traffic. With metal, the.se rollers 
arc entirely useless ; wherever tlicy arc now in use, they should be got rid of as soon 
as possible and others substituted, which pennit of being weighted iq) with stone 
boxes and in other ways. 

Before however proceeding to describe the superior kinds of rollers, it will be as 
well to show what can be done with the })rescnt stone rollers, so as to make them in 
some degree efficacious, at least for the consolidation of moorum and similar materials, 
it iicing alway.s borne in mind that sifi near an approach as possible should he made 
with these machine.s to the weight rm a cart-wheel. Instead of being made cylin¬ 
drical, they should be cither barrel-shaped or bevelled. The effect of this shape ia 
ihat the bearing surface is reduced to about one-tliird of its former extent anti the 
weight per inch is trebled, being now 141 ffis., or half that on a cart-wbeeL These 
rollers can be made at the same price as the usual cylindrical ones, and ore easier to 
turn and lighter in draught than tlicstt latter. They should more especially be made 
of the hardest stone procurable. There is one point about the barrel-shaped roller 
which appears to give it an advantage over all other shapes. It is evident that with 
each successive rolling as the road becomes harder, the bearing surface of the roller 
decreases and the compressive effect is increased at the time it is most wanted. Iron 
rollers should be cast in this form as being probably a more scientific shape than any 
other. Any slight inverts or cusps caused by this roller would disappear under re¬ 
peated rollings, and by the wear of the traffic. 

We now come to Ihe consideration of those Rollers which pennit of being weighted 
up, and for this purpose a stout iron axle running through the body of the roller is 
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necessoT}'. We are limited, consequently, by this consideration to the common 
English iron roller, and a country roller made up ]>iece>menl with stone wheels simi¬ 
lar to tliosc used in grinding rhunam. Drawings of these two arc given, and a frame 
work with counterpoise stone boxes shown with the iron roller j the same frmne-work 
does for the stone roller and is not tlicrcforc shown with it. The-se stone wheel rollers 
cost about Hs. CO per cent, more than those eylindrically shaped, say lis. 40 and 25, 
respectively. Their w'cight is 3,780 lbs. or 105 lbs. to the inch hearing. One ton can 
he added to this by means of the framcivort and stone boxes, which gives 167 lbs. 
per inch hearing. We are still however fur off the weight necessary for rolling metal, 
for w’hieli the iron rollers are most effective. Tlie compressive effect of these stone 
wheel rollers might be greatly increased by making them barrel-shaped or bevelled, 
but their constnu'tion would not pennit of this. 

I he width of the English rollers is 3 feet, and diameter 4 feet, and the weight about 
2 tons. 'J'he stone boxc.s and framework would give another bni; and if the interior 
lie boxed up and filled with scrap-iron, such as unsendceable pickaxe heads, &c., of 
wld-li every Exeenrive Engineer must jiossess a (jnnntity, we should have a total 
wcij?'r oF say 5 bms, or .311 lbs. per inch bearing. Tlicse rollers may therefore Ira 
depei! 1, (1 on for consolidating both monriim and metal. They might be made much 
heavier l)y filling the interior with lead, bnt it seems doubtful whether any eorres- 
[' .I'lirig advanlagc would be gained to roiiiiterbulauec the iiiercascd difficulty of 

'I I'c stone boxes arc useful as l■ol^nt(‘l^mises, which is effected by removing a few 
Blones fiom one box to the other; as for instance, on an ascent a certain weight 
removed from the rear to the front b<i.\ would much facilitate the draught of the 
bullocks, aeeonliiig to a well kiiow'n law. 

In all the foregoi:ig eulenlations, it 1ms been assumed that all the rollers insist or 
stand on un area pro]>oi-ti(mal to their length only ; this is not strictly true, and is 
only the ease where the surface of the roadway is ]>erfeetly hard, and in practice the 
area is proport ifinal to the dii. iieter of the roller. I’liis is an imporUint fact, n.s there¬ 
by the eireet of the larger rollers is considerably reduc(*(L To recapitulate then, and 
to exiiiliit the effective power of each kind of roller after taking all the above into 
consideration, we have the following results :— 


No. 

Item. 

W'elpht per Inch. 

Eroportlon 

1 

Cartwheel, say 4 feet diameter on the average, 

280 

1003 

2 

Iron rollers, weighted iij), 4 feet, diameter, 

311 

1117 

.3 

Stone wheel rollers, weighted up, ,1 feet diaiur., 

22.3 

0-7i)6 

4 

levelled or harreI-Hha])cd rollers, 2 feet diamr., 

282 

1-007 

r> 

Cylindrical stone rollers, 2 feet diameter, 

04 

0-;J36 


Maintenance and Repairs .—Unless arrangements are made for the 
proper maintenance of a road when finished, it will be better not to waste 
money in making il... A pucka road in bad repair is almost as bad as no 
road at all, but with proper supervision and a small but regular expendi¬ 
ture, no extensive repairs ought ever to be required, and the road at aH 
seasons of the year will afford the means of safe and rapid transit. 

2 R 
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To keep up a road, an establishment will be required, consisting of gangs 
of laborers under proper overseers, who should have so many miles of road 
to look after; and supplies of material for petty repairs to the metalling 
should be collected and stacked by the road side; not on the space allotted 
for travellers but on the berm beyond. A consolidated stratum of 3 inches 
of metal laid as above described on a prefectly hard foundation’will bear 
any work, and last three.years under such traffic as tliat of the Grand 
Trunk Hoad. The upper stratum of metal will therefore require renewal 
every four years; but meanwhile holes and ruts will occur in places which 
should be carefully repaired as tliey occur, by filling them in with fresh 
small kunkur, and ramming them prefectly flush with the rest of the work. 

The best time for the animal repairs of a road is at the close of the rainy 
season, but petty repairs should go on all the year round, and every endea¬ 
vor made that whatever repairs are required, should not seriously interfere 
with the traffic, as is too often tlic case. The side-slopes, turfing, &c., 
should be attended to as well as tlic metalling, but they will generally fall 
under the head of annual repairs. 

195, The following Specifications for this kind of work as used in the 
Allahabad Circle of Public Works, will be found useful:— 

Maintenance of road .—The surface of inetul, whatever hs Avidth, to be always 
kept free from holes, ruts, and wom-itatchcs, and to be niaintuiucd as much as 
possible with its due central rise of 1 inch per 3 feet transversely, and to its full 
original widtli. 

Immediately on the appearance of any failure of the surface such petty repair shall 
be executed as shall restore the portion to its original condition. 

The repair shall be commenced always within SO hours of the first appearance of 
failure. 

In executing such petty repair of metal, the hole, or rut, or patch, shall he cut out 
to the full depth of the coat of metal in a rectangular form, enclosing the whole of 
the patch and parallel with tlie centre of the road ; the sides of the excavation shall 
be sloped off. 

Metal of the quality and description specified for annual repairs shall be laid into 
the hole and properly con.solidalcd; the surface of the new patch when com]>letcd, 
lying perfectly even with the remainder of the road. 

The metal for these petty rcjiairs shall be supplied by the Contractor, and he shall 
be bound to keep up a constant supply of 1,000 cubic feet in each mile of road, to be 
stored separately from the annual repair metal in such convenient depots as he may 
choose for each mile. 

The earthen sides and slopes of the road shall be kept even, free from ruts and 
. holes, and generally ranging in height with the surface of the metal. 

The side drains and water channels tfitall be kept open and free for the discharge of 
water. 
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The surface of the road generally shall be kept free from accmnulatioaB of water. 

The road side trees ore to be tended and eared for, the lower branches of large trees 
to bo loppttd carefully during the months of December and January to the requisite 
height to admit a free head way for the traffic and no more, but without injuring the 
trees. All limbs of trees are to be samn off. Young trees to be protected from 
injury by traffic or cattle in the usual manner with thorns or mud walls, where 
necessary. 

Collection of melal for repairs .—The kunhtr to be hard, clean, and fit for road 
metal in cvciy respect, broken to 2-inch gauge, to be sieved and cleaned, so as to bo 
perfectly free from earth and other matters before it is brought to the road side. 

1'hc moorvm to be hard and firm, so as not to be easily crushed under the foot, to 
be of a shiirj) gravelly nature, and free of soil; to be sieved at the quarry ; meshes of 
sieve not less tluin fjf of an inch square. 

The stone to Ijc hard, of close texture (not friable sandstone,) to be broken to a 
size to jaws through a iS|-inch ring every way for tlic loner layer, and 1^-inch ring 
for tile upper layer ; no round or pebble-shaped stones to be allowed amongst tho 
mctul. Tlie stones to be broken clear of the rood and slopes, and must be perfectly 
free of cii? (ii or other matters. 

The metal to be staeke.d on the berm, free from the sides and slopes and side drains., 
No n tal to be measured until it has been so stacked. 

In iinusuritig the metal colleetion, the jiniduet of the length, breadth, and ofof 
Jie. In 'jlil, will alwin s be held to be the net cubit contents of the stock. 

The metal eolleetiou for aunnal rejiairs is all to be effected between the Ist Novem- ^ 
her and tho .^Otb A])ril next ensuing. 

Couso/ie/ution of nielol fur repairs .—The surface of the old metal is to be scored 
up with the i)iek in parnllel diagonal lines at G iuclics intervals. 

Two jtarallel mud walks b X 6 inches to be formed along the outer edges of the 
metalling, leaving an interval between them of the full width of the metal, to confine 
the metal and j)revent its sj)rcai!iug under the action of the rammer. 

The new metal to he spread upon the old surface closely packed with tho hand, the 
larger jncccs below and the smaller above. 

The surface of the new metal to he laid with the usual central rise of 1 inch per 3 
feet transversely. As a guide to the workmen 5J|-ineh cubes of wood will be laid at 
intervals of 1G feet along the centre, and d-ineh cubes along tlie side of the metalling, 
the upper surface of which after consolidation must coincide with the tops of the 
cubes. Care must be taken to lied all the cubes on one horizontal plane. 

The metal to be saturated with water and rammed with rammers until thoroughly 
consolidated, that i.s, until the wheels of ordinary light vehicles passing over it ceasa 
to leave any impression. The suri'acc to be watered for three days after this consoli¬ 
dation has been effected. 

Eartinrork for repairs of sides and slopes .—Tho earthen sides and slopes receiva 
periodical repairs simnltancously with the renewal of the coat of metal. All other 
repairs to them will fall under the head of maintcuanco. 

The repairs consist of making up the sides to a width of 8 feet from the edges of 
the metal coat and to the full height thereof, with a slight fall to the outsido to 
throw off water; and in filling in all holes and channels in the slopes, and dressing 
them off evenly. 

The earthen sides and slopes are to he repaired immediately after the a^acent 
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portion of metal has been opened for traffic. The clods will be broken down, the 
■surface rammed and smoothly dressed. 

Excavations for supply of the necessary earth will in no case be opened within 36 
feet of the centre of the road. The Executive Engineer will give special directions 
in this matter where necessary. 

Earthwork .—To include all enibaiikmeuts raised and excavations cat—tanks, 
hollows, or channels filled, or excavated in any gravel or clay soils, but to exclude 
excavation for foundations and wells. 

One foot vertical lift to be taken as equal to 10 feet horizontal lead. In the case of 
an embankment, this proportion few lift to be added to the horizontal lead. 

1 In filling on excavation or hollow, the horizontal lead only to be allowed. 

The lead to be measured in the case of a road, from the centre of the excavation to 
the centre of tho bonk. 

In filling a hollow or excavation, from the centre of tihe cutting to centre of hollow. 

In case of tank catting, &c., from its centre to centre of spoil bank. 

If the soil has to be carted, tlic excavation w'ill bo paid fur midcr that head without 
lead, and the cartage separately at the Schedule rate for that work. 

Earthwork shall be measured from sections of the bank to l)e raised, or hollow or 
excavation to be filled, or bank or channel to he cut. In the first and third cases, 
cross sections be slmll taken at no greater intervals than 330 feet, and each portion 
between two sections shall be calculated seimrately as a pjTamidal frustum or from 
published tables. 

In the second case, the hollow or excavation shall be measured before the work is 
commenced, and tlie Executive Engineer and Contractor shall agree in writing a.s to 
the quantity of work to he done. 

If the Contractor commence the work, it shall be evidence that he is satisfied with 
the measurement proposed by the Excentive Engineer. 

All embankments shall be raised in successive layers of 1 foot dcptl), slightly con¬ 
cave at the centre and consolidated. 

The side cuttings shall never be made nearer than 10 feet clear from the toe of tho 
slope of the bank, and they shall not be continuous, but diall be broken at intervals 
of not more than 300 feet, by a block of cartli not less than 10 feet wide. 

Tho sides of all side cuttings shall be sloped at tiie natural slope of tiic soil. 

No kunkur shall be quarried in tho side cuttings. 

In cuttings for hollow roads the cutting shall always be taken out square to tita 
width of the travelling surface down to the formation level, and tho slopes be cut 
afterwards. 

Turfing, grasting, and godding .—Turfing and grassing slopes and surface wiUi 
dhoob or other grass, or catting and placing sods. 

In turfing and grassing the grass seed may be sown or the roots of dhoob, khas 
khas, or other grass planted according to orders, and watered until they vegetate. 
On slopes tho seed should be drilled in horizontal lines. 

Sodding will only be executed in situations where good strong turf sods can be cut 
within a mile. The sods are to be cut nearly of a size, and arranged ao as entirely to 
cover the surface. 

Sods may be used built as retaining walls to steep slopes; in this case their length, 
breadth, and thickness must be in proportion* of 6, 3,.and 1 inches; they will 
never be less than 3 inches in thickness, and mmt be laid in counee alternately header 
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and atretcher; the beds at right angles to the batter; and the Baccessive courses 
breaking joint with the one below. Each course when laid must be beaten down with 
large flat rammers so os to pack the sods closely; but without breaking them. The 
backing of soil must be built up evenly with the retaining wall, course for course. 

The rates for sodding will be based on the assumption, that sods can be cut within 
300 yards of the work, a cliargc for extra lead will be allowed, if they be carried more 
than that distance. 

No grossing or sodding will be executed to embankments, or other made earthwork 
until they have stood one rtuny season. 



CHAPTER XXXVIll, 


HILL ROADS. 

196 . Tracing Hill Hoads .—Before commencing the trace of a monn- 
tain pass or ghaut, the best attainable map of the country should be con¬ 
sulted, and a preliminary and careful inspection of the slopes of the range 
to bo crossed will be necessary, with a view to ascertain the direction and 
extent of the ravines and water-courses, and the nature of the ground, 
whether it admits of being cut, or if it is too rocky and precipitous. 

If the hills are extremely wooded, the operation becomes more diiUcult, 
but native footpaths may often be found, and an inspection of these will 
show in some measure the nature of the ground, though not altogctlier, for 
they generally follow some spur of ground, and so fall into the lower part 
of the valley soon, and arc very steep. They afford, however, useful hints, 
and after having fixed upon the valley, through which the proposed road 
should be led, it is advisable always to survey any old road or path which 
may be found in it: this laid down on paper, will be a good beginning for 
a rough map of the country, and prove a guide to the direction of the new 
pass. 

The slope at which the road is to be constructed must now bo decided 
upon; this will depend on the pnrpo.se for which the road is required, and 
something on safe halting places. It is not expedient that these should be 
far apart, but almost all hill ranges in India are feverish within certain 
limits, and except at particular seasons, people can seldom sleep within four 
miles of their base without danger. For quick traffic, the slope should in 
no part be steeper than 1 in 20, and if possible, should be less steeg than 
that. Supposing the general minimum slope is 1 in 30, a great expense 
might be saved by making portions here and there, at a slope of 1 in 20, 
for a pair of bullocks could draw a full load for a few yards up a steep 
slope, though they could not do so for a greater distance. Having ascer- 
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taiued the height to be crossed, and assigned the maximum general rate of 
slope, multiply one by the other, and the minimum length is the result. 
Next, try to get a maximum length of hill, in the general direction of the 
proposed line, and the easiest possible ascent will be obtained. 

A valley or ravine extending fur into the country to be ascended, or 
range to be^rossed, aifords a better hope of a good line of road, than fol¬ 
lowing a spur and attempting to work it out by zig-zags, and moreover 
has the advantage of every mile being so much in the ultimate direction, 
while a zig-zag is an expedient for gaining length with reference to the 
slope only, and without reference to the ultimate progress, and slioiild be 
avoided whenever the nature of the country affords the advantage above 
pointed out. 

It is difficult to write generally on the other points to be attended to in 
tracing—viz., fixing the head and foot of a ghaut, the places to cross rivers 
and streanjs, and when to change from one valley to another: some of these 
become fixed points, to wliieh the road must be brought, and it requires 
eon^.Jel•able care to determine them to the best advantage, and no slight 
firaeli.'o to work the sloj-tes into them, without expedients or loss of 
grou ill. 

Experience in executing a road will be found necessary, to enable the 
tracer to avoi<1 a great many incouveuient errors, into which he will other¬ 
wise generally fall. 

An aneroid barometer will be found a great assistance to the tracer, in 
determining comparative heights, and its portability renders it much supe¬ 
rior to the mountain barometer. 

197. Tlie following Notes on Hill Road Tracing in Madras, will be 
found useful:— 

Uf the two, the labor of trm-ing a moan tain road, is greater than that expended in 
the aetiial laj ing out of the sheer descent of the ghaut itself, but it requires not a 
little scientific experience to pitch upon a general line for the latter, that will give 
BCOjK! for running a trace at a fixed grailicnt of 1 in 20, without having recourse to 
the clumsy expedient of zig-zags. Kithcr a deep ravine or valley should be sought, 
up whose flank the road may be carried ; or a long spur or scries of spurs, round and 
about which it may wind, should be chosen ; and where such a formation can be 
found, a combination of both features is best. Much deliberation and care has to be 
cxcredsed at the ontset, in judging by the eye of the practicability of the site chosen 
for the descent. Where the jungle is very close a trial trace cannot well be run with¬ 
out great loss of time and Useless expenditure of labor ; all which is saved by having 
the ground reconnoitred by an experienced Engineer, who, with the help of the 
aneroid barometer, con pretty accurately settle the question. 
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The head of the ghaut ia usually a fixed point; and if it is not left oi)en to doubt 
that it must be adopted in any case, the tracer.may commence his line, v. orking down¬ 
wards, wherever his levelling staff carries him ; recollecting he must case off his slope 
a little when taming comers, and must cross all streams at a dead level. Once he has 
started, it is impossible to lay down fixed rules for his guidance, and there is frequent¬ 
ly an ample field for tlie display of ingenuity and talent before he reaches the level 
ground beneath; in truth to ])ilot his instrument through dense forests, calls for tho 
involuntary a])plication of not a few principles of the inductive philosopfiy. 

For such work, in such a country,’ it may be imagined the common Spirit IjcvcI is emi¬ 
nently unsuited. Weighty to carry, and cumbrous to set up in position, where the ope¬ 
rator can barely find room to stand ; and where a clear prospect of even a dozen yards 
in front of him, is not to he obtained without felling the scrub which hinders advance 
and obstructs tlic views its use has been wisely discarded in such ground. 

The instrament employed is, what is known us the Gunner’s Quadrant, or level for 
setting mortars at their pro]>cr angle, modified a little. The long bar is fitted with 
eights at cither end, and has a universal joint screwed on at its centre. 

The quadrant is reversed from the position it occupies in the mortar quadrant; 
having the arc turned inwards, and the radius outwards towiuds the tracer. An arai- 
ature, bearing a small spirit level at its side, and a vernier to read minutes at one 
end, works on the arc, which to enable the level to be used for tracing either up or 
down hill without reversion, lias an excess arc of some 5° on the iqqjcr aide of its zero 
point. Seeing that an angle of 3° corresponds to a slope of 1 in UO, an arc of y0“ is 
considerably in excess of the angular accommodation necessary in tracing roads, and 
Messrs Elliott, Brothers, might with advantage curtail this over-balancing appendage: 
they might also put the spirit level in pennnncnt adjustment. 

"^ITie tracing quadrant is fixed to a light stick, shod with iron, of a length suflicicnt 
to bring the ]iiiiholc of the sight within easy distance of the eye. The stick should 
not terminate in a point, or the levels will be vitiated. Its base ought to be about one 
and a half inches in dianietcr. 

Tlic forward staff is rather longer tlian the foregoing, hut has a fixed vane, painted 
white, whose centre is exactly the same height from the ground ns the pinhole of the 
quadrant sight. The centre is denoted by a dot in the middle of a black horizontal line. 

The tracer holds the instrament in his hand, having adjusted the armature by the 
scale and vernier, to the angle of inclination suited to the lay of the ground. A slope 
of 1 in 20, corresponding to 2® .*>2', or to within a few minutes of 3°, should he the 
maximum, except for temporary descent into water-courses, which may he 1 in 12, or 
4® 46'. Tho holder of tho forward staff goes on a few yards and is signalled up or 
down, till the foot of it is resting on the line of the required slope. The tracer has 
no difiirnlty in catching the bubble of the level with his eye, at the same moment as 
he watches the vane of the staff through the pin-hole sight and cross hairs and as soon 
as properly placed, ho orders a peg to be driven at its foot, lie then moves np to the 
peg, and sends the staff bearer forward to take np a fresh position ; and so on till tho 
trace is pegged in. A party follcvws to open out to one yard, and when the line has 
been inspected by the Executive Engineer and approved of, to 12 feet; next season 
the road is finished to the full width, with a side drain. 

This simple method of tracing is admirably suited to rough undulating conntry 
covered with forest, where an ordinary spirit level cannot be easily carried about or 
set op ; and where extreme accuracy is not imperative as in the case of common roads. 
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Erwi a practised eye cannot lay oat a road on the hill aide that would not be found to 
depart widely from the uniform slope proposed, unless the instrument has been in 
hand all the time ; eye traces os they are termed, should therefore be proscribed, ex¬ 
cept on flattish ground, where the slavish following of the instrument is apt to lead 
to the marking of a tortuous line. If a cutting through a saddle or spur has to be 
made, it is usual to denote its commencement and end, by inserting two pegs instead 
of one ; and at descents into streams, the same course must be observed. Great care 
should bo exercised that the latter arc formed with due regard to facility of passage, 
for many an excellent road trace is marred by insurmountable difficulties at the steep 
banks of rivers, or headlong rumps. 

The pegs thus laid down arc on the centre line of the future road, and when open 
ing the gauge ])ath, the laborers arc careful to stretch a strong line from peg to peg; 
by means of which the gradient is rigidly worked to. Before excavating, an npper 
row of temporary jjcgs, 3 feet higher up the hill side tlmn the centre pegs, is inserted 
to denote the edge of the cutting in a like manner with the aid of string. If all these 
precautions arc uttemlcd to, an even path upwards of a j’ard wide is speedily formed, 
and the slo]jes arc preserved for ever. If nothing further is done to it, this path 
itself is often an iniiiieiise aeeoinmtKlutioii to both men and animals; while it enables 
the Engineer to sec his way inueli more clearly than if lie had to grope through the 
juTighi without so safe a guide. Any imi>roi cment in direction which suggests itself, 
is staked out after a tliorongh examination of the trace, and it Is not seldom that the 
adopiioii of u de.i'iatloii here and there is advisable. 

A road, it has been mentioned before, through a hilly district, is more trouble¬ 
some u> trace than the incline of a (Ihant. This is due to the difficulty of deter¬ 
mining by the eye uloiic, how particular features had best bo dealt with, and it 
requires u grca1< deal of care and ]ir)U‘iiee to cscux>e committing mistakes in the choice 
of gradients, and thereby losing both time and temper from being obliged to do work 
twice over. As a general rule, the saddles, over which the road must go, arc first 
inspected ; and it. often Impiieiis that a small depth of cutting at the top will enable 
them to be crossed without cxeceding the limit of 1 in 20 ; then the most suitable 
sites for bridges are roughly fixed ; and after these observations are taken, the bridle 
path is levelled in to the best of the tracer’s ability and judgment. On moticrateJy fiat 
gronnd, when it is certniu all the slopes arc within 1 in 20, the iiistrumeiit need not 
be nsed, but the line is raugtal as straight n» lavssible, the ground to a sufficient width 
on either side is cleared, and the side ditches are staked out, and excavated at once, 
enclosing the full width of the mad between them. 

It has been customary in Madras to widen the 3-feet trace to a width of 12 feet the 
first season, as doing so permits pack bullocks or even a single cart to pass along. 
The surface of the road inclines outwards slightly, to let the water ran off, and no 
drain is allowed to he put on the inner side. There is, however, a check or inter¬ 
cepting channel, 18 inches broad and decj>, cut some 30 feet aliove the road, discharg¬ 
ing across it at convenient spots. 

Experience has shown that a 12 feet road is little injured by the rains. 

Tlie olvjcctionablc expedient of giving the road surface an inward instead of an 
outward dope, is, by unskilled persons sometimes resorted to, a method that resnlts in 
the road being soon ent up and becoming a mere water-course. 

During the second season, the building of bridges and culverts nsed to be begun, 
and the road was widened to its full dimensions of 18 feet for a dutrict, and 21 to 24 
feet for a trunk road. 

Everywhere, in side cutting, an inner drain was added to a road wider than 12 
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fe«t ( bat the tnmaverae Bection of the rood sorfoce was as nearly horizontal as pos* 
sible, half of the drainage falling ontwards, 

198. Tunneling ^—When the excavation exceeds a certain depth, it 
will be cheaper to make a tunnel as a substitute. The amount of excava> 
tion will be much less, but the cost of each yard of it will be much greater. 
Calculation in each case can alone decide at what depth it would be eco¬ 
nomical to abandon the open excavation, and to commence the tunnel. 
Sijrty feet is an approximate limit in ordinary earth. The necessity for 
tunnels seldom occurs, however, in the construction of common roads, and 
they will be more appropriately treated of under the Section Eah.ways. 

199. Blasting .—Not only rock, but frozen earth and sometimes very 
compact clay, are removed by blasting with powder. The holes arc drilled 
by a long steel bar, called a jumper^ which is raised and let fall on the de¬ 
sired point, and at each stroke turned partially round, so that the cuts 
cross each other lilce the rays of a star. The holes are made from 1 to 3 
inches in diameter, and from 1 to 4 feet deep. One man can drill in a day 
18 inches of a hole, 3 inches in diameter, in rock of average hardness. 
'When water percolates into the hole, it must be dried with oakum and 
quicklime, and the powder enclosed in a water-proof cartridge. The proper 
proportion of powder being introduced by a funnel and copper tube (so tiiat 
none may adhere to the side), a wadding of hay, moss, or dry turf, is 
placed upon it, and the remainder of the hole is lilled with some tamping 
material. The Ixjst, for safety and efficiency, is dried clay. The next host 
material is the chippings and dust of broken brick moistened slightly while 
being rammed. An inch or two of the w'adding being simply pressed down 
upon the powder, the filling material is rammed, or “ tamped,” with a 
copper rod till it becomes very compact. Through it, passes from the 
powder to the surface, some means of ignition. A reed filled with priming 
powder, and ignited by a slow match, is generally used by native workmen. 
Where it can be obtained, however, tlie safety fuse should be employed. 
This has the appearance of a common tarred rope, and is so prepared that 
the length of it, whicli will bum any given time, can bo exactly known, so 
that no premature explosion need be feared. 

The proper charge of powder, and the direction of the holes, arc very 
important, both for efficiency and economy. The proper regulator of the 
charge is the length of “ the line of least resistance^ i. e,, the shortest dis¬ 
tance from the bulk of the powder to the outside of the rock, which should 
not be in tibe direction of the hole bored. To produce similar proporrioual 
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results in different blasts, the charge must be as the cubes of the respec¬ 
tive lines of least resistance. Thus, if four ounces of powder will just 
Bufiice to blast a mass of rock when the L. L. B. is 2 feet, the charge for 
another in which it was 3 feet, would bo given by the proportion 2®: 4:: 8*: 
13^ ounces. The absolute amount of powder required depends on the 
strength of the powder and the tenacity of the rock, and should be deter¬ 
mined in every cose by direct experiment. 

On a high face of rock a system of undermining may be usefully em¬ 
ployed, by blowing out a mass below, and removing the remaining over¬ 
hanging portion by crowbars, wedges, &c. 

No loud report should be heard, nor stones be thrown out. The best 
effect is produced when the report is trifling, but when the mass is lifted, 
and thoroughly fractured, without the projection of fragments. If the rock 
be only shaken by a blast, and not moved outwardly, a second charge in 
the same hole will be very effective. 

The safety of blasting operations may be greatly increased by applying 
galvanism to the ignition of the powder, which can then be effected at any 
distance. J3y its aid a row of blasts can be exploded simultaneously, by 
which their effective power is greatly increased. 

SJOOt The following account of Blasting operations on the Lahore and 
Peshawur Itoad will be found interesting; — 

The old road frum Attock to Peshawar, after crossing the Indus, runs for above 
three miles through a range of low but rocky aud precipitous hills. This part of it is 
exceedingly narrow ,in many places, little over 10 feet, and some of the principal 
ascents are as steep as 1 in K, It is known us the Gidar Galli pass. 

The right bank of the Cahul rivpr was selected for the uc%v line. The only great 
obstruction on it was a cliff of limestone rock, near the village of Khooud, that jutted 
abruptly into the river. The height of this cliff above the cold weather level of the 
Cubul river is 14.'> feet. Its total length on the river face is 1,033 feet. Of this 
length only 285 feet presented auy extraordinary difficulty; the slope of the remain¬ 
der of the hill, taken at right angles to the river face, was comparatively gentle, being 
in some places nearly of base to 1 of height. 

The following account refers merely to the plan adopted for removing the precipi- 
tons cliff of limestone rock, 286 feet in length. 

Two seta of sections are given in the accompanying sheet of drawing. The hist 
set show the section of the hill when work was commenced, and the present section ; 
the second set show the section of the hill before and after tlie explosion. 

On the 3rd June, 1860, the level of the road having been approximately fixed, the 
first and second Companie3.of Sappers commenced work by opening a path round the 
hill on the intended level; when the path being finished, the Officer Commanding the 
Sapper Companies, in the absence of a liberal supply of blasting powder, applied hia 
men at the top of the hill to cat it down by manual labor, assisted by small blasts of 
powder when the rock would not jneld to ordinary tools. 
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Under this airangement the execntion of the work would have required an extra¬ 
vagant length of line, and the economy of the measure] was doubtful; it was conse¬ 
quently determined to break op the cliff by four large charges of powder, placed as 
shown in the drawing. It was expected that these mines would throw a considerable 
portion of the upper edge of the cliff into the river, and that what remained would be so 
broken up as to be easily wheeled over the edge of the road without further use of 
powder. 

By the beginning of November, 1850, the two horizontal galleries into the face of 
the cliff were fairly commenced. No. 2, measuring with returns, 100-5 feet in length, 
was completed on the 25th of January, 1851. No. 1, i)7‘0 feet in length, was com¬ 
pleted on 15th March, 1851. 

The loading of the mines was commenced on the 2lBt March, 1851, at one o'clock, 
F. M., the tamping was completed by eight o’clock, A. M., on the 22nd, and all four 
mines were exploded simultaneously during the course of the day. 

The effect of the explosion was, to precipitate into the river the outer edge of the 
hill, (sec shaded part, Fig. 3,) and to break up the whole of the rock included between 
the dotted lines in Fig. 3. After the mines were fired, w-orking parties were 
employed in wheeling the dehriii into the river, and little powder was used except 
on the base of the hill, at the level of the road, which was not much affected by the 
large quantity of powder exploded immediately above it. 

The following detail may be of nsc in future works of this nature. 

To avoid any chance that might exist of injuring, by the explosion, that part of 
the rock on which the rood was to be carried, it was considered advis^lc to lodge 
the powder some few feet aiovc the proposed level of the road; one gallery was 
accordingly commenced about 4 feet above the foot-path, and carried in horizontally ; 
the other was commenced at the level of the path and was carried in with a slight rise. 

This core appears to have been unnecessary, as in removing the debris, the rock 
immediately below tbo charges was found comparatively strong and uninjured. 

The galleries were tunnels into the solid rock; timber framing to suppoii the roof 
was not found necessary. 

I'he main galleries were 4} feet high and 4 feet broad. The branches were smaller 
4 feet by 34 feet. The tunneling was effected entirely by blasting with a small jum¬ 
per of 14 inches diameter and from 3 to 4 feet in length, worked by tw-o sepoys sitting. 
The easiest way of working is no doubt to moke the first blast at the top of the gallery, 
and to remove all stone that may be loosened by it. The subsequent blasts should then 
be arranged as to blow through into this opening. In driving these galleries the Sap¬ 
pers were told off into four reliefs, and the work proceeded witiiout chock, day and uighi 

In December, daring which month the works were in full progress, each gallery 
was advanced 32'5 feet, being at the rate of a little mure than 1 foot per working day 
of 24 hours. The total number of feet of gallery driven was 180; 368 Ifts. of powder 
were expended in 176 blasts, varjdng in depth from 1 to 3 feet. The cost of driving a 
gallery may be estimated therefore per foot, as follows, including the cost of tools:— 

16 sappers in four reliefs of 4 men each, equivalent to about, 


10 coolies, @ Bs. 0-2-6, .. .. 

■ a 

1 

9 0 

2-6 lbs. powder, .. 

* • » 

0 

3 11 

RepoirB of tools, &c., 

• • » 

0 

3 1 

Total per foot of gallery, 

• • » 

2 

0 0 


Speaking generally, it was found that a verticalashaft could be driven twice u fast 
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ai a horiaontal gallory, the area of the section of excavation being the same in each. 
Two of the cluimbers were worked exactly to contain the charges. The other two 
wore formed so as to leave a space roui I the powder, bnt it is not possible to say 
which is the better constmetion. 

Loading, Tamping, and Firing.—-Tha powder was stored in the magar-ine in camp 
in bags, made of a cotton stuff, holdi^,, each 10 lbs. These were counted as they 
entered the mine. The hose vfra 1 mch in diameter tilled with coarse native powder. 
It was prepared in the magazine in lengths of flO feet, an arrangement which facili¬ 
tated the measuring out of the hosc^s to the different chamhers. It was protected in 
the galleries by a thin wooden casing, about one-third of an inch in thickness. The 
powder having been carefully lodged in the chamber, the end of the hose, was intro¬ 
duced into the centre of the pile, conducted down to the flcxir of the chamber, thence 
placed in its wooden ease, and laid along one side of the galier} ; u thin w'all of bags 
tilled wit’" clay and dciris of rock was built at the end of the gallciy to isolate the 
]iowder, and the tiot»r of the gallery was then eovered with G to y inches of debriit to 
jjToteet the hose. Till this was done, work went on in the dark, afterwards lanterns 
were freely used. A common candle in a lantern in No. 1 gallery, not more than 40 
feet from the mouth would not bum. It wjis verv wann in the gallery, but the men 
working in it cxpcricnecd no '•thcr inconvenience. As the w’ant of light delayed the 
work considerably, a common theriuantidotc was ujiplied to the mouth of the gallery. 
It boil tlie desired effect, and while it continued to be worked ihc lantern burnt freely. 

In No. 2 gallery, the candle burnt without the assistance of a themiantidote, w'hich 
was probably owing to this gallciy being somewhat more roomy ilian No. 1. The 
lodging o, the powder was commenced at 1.1*. M. on the 2l8t, and the tamping was 
completed a'’ 7 A. M. on the 22ud, total 18 hours, being at the rate of 5^ feet per hour 
in each gallery. The w'irking party was 36 sepoys, relieved three times in parties of 
18, aided by 100 coolies, who worked from first to last. 

The tamping hu*ing been completed, and the h ses all made of the same length, 
their ends were collected, attach' a a cf of jjort tire, and covered to a depth of 
some inches with '‘arth. The result v' m perfectly satisfactory. The hoses, about 135 
feet eacb in length, burned so evenly, that all f rur mines exploded together, there 
being scarcely a j '•'■cptiblc rett al between •’ .'m. 

Before firi* - *hc large mines, a number of smaller ones were exploded with Lmes 
of Least Resistance of from 20 feet downward. The charges of some had been cal¬ 
culated at ——, some at ?—; generally we found the ':harges calculated 
10 1 o 

(L. L. R.)^ 


at 


(L. L. R.)» 


10 


- niinccesBorily violent in their effect, wliile 


15 


gave choitjOS 


somewhat too weak, was adopted for the large mines whose Lines of 

Least Resistance wore, rcsi'ectivcly, commencing at No. 1, 30 feet, 40 feet, 30 feet 
40 feet; and thcT charges 6,400 ffis. 2,800 lbs., 6,400 lbs., 2,800 lbs., total 98,400 lbs. 

Pov^dcr .—^The gre test part of the powder used was made by the ofiScer in charge 
of the work, the materials having being procured in the neighbourhood of Attock, 
its average cost was Rs. 7-8 per mauud of 80 lbs. 

The Khoond Spur is of hard closely packed limestone. The total number of cubic 
feet of rock removed in the cutting is about 2,000,000 of which 1,840,000 cubic feet 
« ^ effectually reduced to debriit by the large mines, being at the rate of 100 cubic 
feet of rock per pound of powder. 
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201. Side-hill Roads .—^When a road Tims along the side of a hill, it 
Trill be most cheaply formed, by making it half in excavation and half in 
embankment. But as the embankment would be liable to slip, if simply 
deposited on the natural surface of the ground, the latter should be notch¬ 
ed into steps, or off-sets, in order to retain the earth. In adjusting the 
height of the made ground, an allowance should be made for its subsequent 
settling. 

If the surface be very much inclined, both the cuttings and fillings will 
need to be supported by “ retaining walls,” which may be laid dry if com¬ 
posed of large stones, or in mortar. The proper thickness which should be 
given to them ought to be the subject of Mathematical investigation, but the 
mean thickness of the wall may be said to vary from one-fifth to one-half 
the height according to the varying values of the tenacity of tlie earth 
and the strength of the masonry. For further information tlie reader is 
referred to the Section on Masonky. 

If^he side hill be of rock, the steep slope at which that material may 
with safety be cut, will enable the upjrer wall to bo dispensed witli. 

When the road is required to pass along the face of a nearly perpendi- 
colar precipice, at a considerable height (a case which sometimes occurs in 
passing a projecting point of the rocky bank of a river in a mountainous 
district), it may rest on a frame-work formed of horizontal beams, deeply 
let into the face of the precipice, and supported at their outer end by 
oblique timbers, the lower ends of which rest in notches formed in the rock. 
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CHAPTER XXXIX. 

INTRODUCTORY—ALIGNMENT AND DIRECTION—CURVES 

—GRADIENTS. 

203t The employment of a roadway with fixed Rails on which carriages 
or wagons were drawn by animal power dates from a very early period, hav¬ 
ing, as is well known, been largely employed on the collieries in England, 
bnt the first railroad on which Locomotives were fairly employed was the 
Killingworth colliery line, constructed by George Stephenson, in 1814. 
The Stockton and Darlington lino which was next coustrneted, was at first 
only a colliery line, though it subsequently carried passengers, and the 
first line regularly coiistnieted for tlie express purpose of carrying passen¬ 
gers and goods by steam power, was the Liveri)Ool and Manchester Railway, 
opened in 1829. Since that time, with many improvements and altera¬ 
tions of detail, they have been constructed all over the world, and in 1851, 
the first small length of railway was opened in India. The great lines 
now under constrnction are most of them rapidly approaching completion, 
and will donhtless be the parents of many more branch and subsidiary 
lines. 

* 

303. The Railways hitherto constructed in India have been made under 
the guarantee system, the capital having been raised by the various Railway 
companies under a Government guarantee of a minimum dividend of per 
cent, annually, on all sums duly passed to capital account by the Consulting 
Engincei’s. The result has been, that Government has exercised a complete 
control over the execution of the work, which has, perhaps, to some extent, 
retarded their execution, from the necessity of constant reference and cor¬ 
respondence, but which has at the same time been beneficial in many ways. 
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The first era of Indian Railways in which private enterprise has thua 
been dependent on a State guarantee, may now be considered to have come 
to a termination. Its fruits will consist, when all the lines in hand and 
projected are complete,—^which may be expected to be the case about 
1869,—of about 5,000 miles of politi co-c ommercial first class trunk lines, 
which will have been constructed at an outlay of not less than seventy 
millions sterling. Of this sum, somewhat less than four millions, or about 
tflSJ per cent, of the whole cost, will have been actually contributed by the 
'•"State (loss by exchange), whilst, under the very favorable supposition 
/,lhat the average profits on the lines all round will, in the same year 
(1869), come up to the amount of the guaranteed interest, the aggregate 
debt of the various Railway Companies to tlie Stale will probably amount 
to about nineteen millions sterling, of which fourteen millions will represent 
the net sums advanced by the State in payment of guaranteed interest dur¬ 
ing the construction of the lines, and five millions the simple interest that 
will Save accrued on those advances. The assistance that has been render¬ 
ed by the State in the construction of these lines may be estimated from 
these figures, and it must be admitted that the magnitude of its stake in 
the economical construction, maintenance, and working of Indian Guaran¬ 
teed Railways was, and is, sufficient to justify tho most careful and the 
most intelligent supervision and control, on its part, of the operations of 
the different Companies. 

Whatever may bo the ultimate position of the State in reference to 
those Guaranteed Companies, whether it recover its advances or not, there 
can be no question as to the immense advantages that the State will have 
derived directly in the administration of the country, i. e., politically, and 
indirectly, in the prosperity induced by these lines of communications, i. e., 
commercially. And, allowing that the State is fully reimbursed its ad¬ 
vances, its absolute contribution will have averaged about £800* per mile 
of Railway, equivalent, at 5 per cent, as the market value of money, to an 
annual subsidy of £100 for 10^ years, or of £64 for 20 years on each 
mile of Railway. But this is the least possible contribution of the State 
under the guarantee, and the failure of even one or two of the several lines 
to work at a profit sufficient to reimburse the State its advances, will aug¬ 
ment this average contribution very materially; every million sterling that 


. £4,000,000 
4,000 


£800 pa milfi. 
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is not tepaid adding £200 to it. The introduction of a sjstem, free from 
the trammels and irresponsibilities of the guarantee, and more favorable * 
to the State, under which the construction of standard and other gauge 
Railways in approved directions might be continued, has thus been a great 
and obvious desideratum. 

Such a system has now been introduced in coimection withi light branch 
Railways, and the following are the terms offered by Government, and 
which have been accepted in the case of two lines now under construc¬ 
tion. * 

Isi.—Eighteen feet surface width of a completed roadway to lay down 
its rails on. 

2»rf.—Land for extensions, diversions, sidings or stations, previous to 
date of completion of line, free of cost, 

Zrd .—The payment, on the completion of the line, of a sum equivalent 
to the Import duty paid on the permanent way material. ' * ' - 

4lft.—A subvention of Rs. 125 per mile open per annum as a contribu- 
tiou towards the cost of maintaining the road from date of opening the 
line for public traffic ; to cease, however, as soon as the net profits, exclu¬ 
sive of the subvention, shall for two years or for four half-years consecu¬ 
tively, amount to 5 per cent, on the capital. 

On the oilier hand, the line is open to Government inspection; the 
tariff of charges is subject to restrictions; one train, at an average speed 
of not less than twelve miles an hour, including stoppages, must be run 
each way every day; special fares for troops, police and their prisoners, are 
provided; the mails are to be conveyed free of charge; and all persons or 
Companies shall be entitled to run properly constructed engines and car¬ 
riages oh the Railway, on the payment of proper fares and tolls, and under 
suitable regulations to be approved by the Government. 

The concession of the roadway is for a term of 99 years, witli right of 
purchase by the Government after 20 years from commencement of term; 
of withdrawal on the part of the Company within 5 years from that date; 
and of entry with possession free of cost by Government, in case of default 
on the part of the Company at any time. 

From these and the general conditions laid down for similar nndertak- 
ings, the debatable points of the guarantee system have been eliminated; 
and the period has now arrived when experience of their suitability may be 
reaped. It is evident that the minimum of State interference, so long as 
VOL. II. 2 o 
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ti>e undertakings are, in any way, aided by the State, has been arrive d at 
for it has been made so entirely the interest of the projectors to complete 
their works rapidly that the only interference necessary, on the part of the 
State, is such as may be requisite to ensure the safety of the public, and 
it is chiedy in respect of the constructive peculiarities introduced that the 
experiment has to be watched. 

S04* Hailways may bo conveniently treated of under the following 
heads;—Survey and Choice of the Line—Roadway—Permanent way— 
Bolling stock—Locomotives—Stataons—Traffic. 

As regards the first heading, it is evident that the general direction of 
the line from town to town is a question of traffic with which the Engi¬ 
neer will probably have little or nothing to fio. Ilis labors commence 
when it is a question of constructing the best and cheapest line between 
the towns which it is desired on commercial or other grounds to connect. 

The cost of a Railway being so much greater than that of an ordinary 
road, and that cost in many items (such as Workshops, Terminal Stations, 
&c.), being not in any direct ratio to its actual length, it is often difficult 
to judge a jjn'or* as to whether the amount of traffic that will follow the 
construction of a given line, will be sufficient to pay a fair per centage on 
the heavy cost—or whether the returns per mile will increase in tlic same 
proportion as the constructing or working expenses. On the first intro¬ 
duction of Railways into India it was generally laid down as a principle, 
that the great lines should be carried from point to point by the shortest 
' and easiest routes, and that it was the through traffic which was to be 
looked to to pay, rather than the local traffic. The results hitherto as far 
as they can be judged from, tend to reverse this conclusion and to show 
that it is the short local traffic which pays best, and that it is worth mak¬ 
ing a considerable detour to pick up such traffic, rather than leaving it 
to seek the line for itself. 

Both in England and India the Passenger traffic was expected to form 
an inconriderable item compared with that of Goods. Yet experience has 
amply proved what indeed might have been expected, that a ton of pas¬ 
sengers while only requiring the same haulage power as ton of goods, can 
afford to pay a very much larger sum for the haulage, while the cheap¬ 
ness of water carriage almost prevents a ridlway carrying heavy goods at 
a sufficiently rsmumerative tariff, to pay for the cost of haulage and wear 
and tear of the Ime. 



CUEVfiS—GEADIBNTS. 


22T 


The questions therefoie to be gone into by the projectors of a line be¬ 
fore the Engineer is called in, are the amount of Passenger uid Goods 
traffic that may be fairly expected, and whether there is a competiDg line 
of water carriage which will force tlie Eailway to adopt Tninimnnn tariffs. 
The Engineer will then be asked to estimate the cost; Ist, of Construc¬ 
tion ; 2ndly, Working expenses, including deterioration, when some idea 
may be formed as to whether the project will pay. 

The general principles involved in the Survey and direction of 
the line, are the same as those already explained in the section on Roads ; 
but there arc certain differences of detail which require to be noticed. 

From the great cost of the superstructure of a railroad, and the con¬ 
tinually increasing exj^nse of keeping it in repair, it is highly desirable 
(part from the question of traffic) that it should be as straight, and con¬ 
sequently as short, as possible. 

As the earthwork of a railroad costs almost nothing for repairs, while 
those of its perishable superstructure are very great, and proportioned to 
its length, as is also the cost (in fuel, wages, and wear and tear of the 
engines) of nmning the road, it will often be advantageous to make large 
expenditures for the former element of cost, in order to lessen the 
length of the road, and consequently the annual expenditure for the 
latter. 

On these grounds, a short route, which has the faults of steep gradients 
and curves of small radius, may profitably receive an outlay of capital upon 
it, for the piirposc of lessening these defects, etjuivalcnt to the cost uf the 
difference of distance between it and a longer line, which has better grades 
and curves. 

306. Gradients .—In the section on Hoads it was explained how a 
steeper gradient could be allowed on a knuha than on a pucka road, the 
resistance of gravity to be overcome being the same in each case, and 
therefore bearing a much larger proportion to the frictional resistance in 
the latter case than in the former. For the same reason, the gradients on 
a llailway should be very much less steep than on a metalled road, tlie 
friction being so much less and therefore the loss of power due to the 
increased gradient being proportionally so much greater. On a good 
metalled road a horse can only draw, on a gradient of 1 in 24, half the 
weight which he can draw on a dead level, and as a rule the maximum 
ruling gradient should not exceed 1 in 30. A locomotive may be siud to 
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loss half its power at a gradient of 1 iu 220;*and the ruling ^adisnt* 
should if possible not exceed 1 in 275. 

It is however, a more complicated question than that of a road. In 
both, of course, loss of power means loss of money, but in the case of a 
; railway it also means wear and tear of permanent way and carriages in 
: ascending, and increased danger in descending; on the other hand, it 
equally resolves itself into a case of copparative cost in the one case as in 
the other, and in forming a decision the pros and cons must be well 
weighed. 

L The cost of draught on a railroad is nearly as the power employed, so 
that it will cost nearly twi(% as much to carry a load on a railroad with an 
ascending grade of 24 feet to the mile, as to canry it on a level route. 
This consideration will therefore justify large expenditures upon the exca¬ 
vations, embankments, &c., of a railroad, with a view of reducing its 
gr^es. The propriety of such expenditures is to be determined by com¬ 
paring the annual interest of the amount with the annual saving of power 
ever after, in drawing the expected loads over the flattened road. It will 
therefore be useful to investigate the resistance to be overcome on a level 
road, so as to determine the absolute increase produced by a gradient. 

307. The resistance to be overcome has three principal elements; 
j Friction, Atmosphere, and Concussion. 

The first resistance is that of the Friction proper of the wheels and 
! axles. It is constant at all velocities, and amounts in the best constructed 
carriages, to 6 lObs. per ton weight of train. 

The second resistance is that of the Air. It is considered to be pro¬ 
portional to the surface of the fivnt of the train, and to the square of the 
velocity. It equals tlie weight of a column of air, whose base is the front¬ 
age of the train, and whose length is the height due to the velocity. Tliis 
weight for each square foot of frontage, and for a velocity of one mile per 
hour,.equals 0*0027 lbs., or fi). For the usual frontage of 80 square 
feet, it is therefore one-fifth of a pound at one mile per hour. 

The third, or residual resistance, is probably due to the unavoidable 
' concussions, oscillations, flexures, imbedding of wheels in rml, friction of 
air against sides, &c. It may be hereafter decomposed into various ele¬ 
ments, but is now taken as proportional to the weight of the train and the 
velocity, and as being equal to ^ ft. for each ton of train, at one mile 
per hour; whence the following formula is derived 



CUaVBS—OBADIENI’S. 


229 


Let T, denote the weight of tlie train, in font. 
V, its Telocity, in miles an hour. 

A, its area of frontage, in square feet. 

B, its volume, in cubic feet; dten 


resistance in lbs. 



rp , V»A 
T + _ 5or 


T + 


V^B_ 
6oikJo ’ 


\ 


Tlie above formula lias been tested by Mr. Scott Bussell and Mr. 
Wyndham Harding, chiefly for passenger trains of from 20 to 64 tons, 
and at speeds from 30 to 60 miles per hour. At lower velocities, its 
results somewhat exceed those of the experiments. 

Tlic following table shows the Besistanccs to trains of diflerent weights, 
and at different velocities, as given both by actual experiments and by the 
above formula: tlie frontage being 60 square feet. 


Velocity. 

1 

Weight. 

Beifirtnnce 
by Kxper. 

ReblKt.by 

Formula. 

Velocity. 

Weight. 



rail, vor hr 

tnnn 

Ibe iKirton 

lb. |H«rtnn 

ml. per hi. 

tons 

lb. per ton 

Iba per ton 

1 14 

9 

12‘G 

I3-9 

34 

3U4 

25 0 

231 

1 13 

201 

8-.> 

13-2 

34 

18 

23-4 

27-2 

1!) 

404 

8.> 

12-9 

35 

214 

22-5 

26i 

2! 

18 

12-6 

16-7 

39 

24 

30 0 

31 0 

25 

40J 

12-IJ 

ie-6 

47 

312 

33-7 

331 

27 

40J 

12(5 

17-7 . 

.'•0 

30 

32-9 

35-.3 

81 

151 

23-4 

2.V4 

53 

2.'> 

41*7 

421 

32 

144 

22-5 

27-2 

(51 

214 

ti2*C 

64-8 


Tlie above being the resistance to be overcome on a level, the resistance 
on a gradient is equal to that on the level + that of gravity due to the 
ascent, which is such a part of the whole load, as the height of the ascent 
is of its length. 

Let then, / = resistance (in fcs. per ton) on a level. 

h = ascent in feet per mile; and = inclination. 


X 2240 = — =■ resistance per ton of gravity. 

•P«oU 


/ 4 - = total resistance on the inclination. 

The power required to'overcome this resistance will be discussed further 
on. 

SOS. In the early days of railway making greater importance was at< 
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taobed to tlie question of gradients than is now the case ; and in France, 
even as late as in 1846, Mr. Locke had great difficulty in persuading the 
authorities to tolerate inclines of a rise of 1 in 126; but upon the Birming¬ 
ham and Gloucester lino, the Lickey incline, with a gradient of 1 in S7, 
has been for years in successful work; and in the passage of the Scemering, 
on the Vienna and Trieste railway, the inclines are sometimes carried for 
great distances, at the rate of 1 in 40, and the radii admitted in the 
curves upon the level parts are often not more than 623 feet, whilst upon 
the inclines of 1 in 40 they are still occasionally of only 934 feet; the 
length of the arcs in the latter cases does not exceed 1,300 feet in round 
^numbers. Of course the speed over lines with inclines of so severe a 
Stature cannot be great, but the introduction of the expansion gear into 
the locomotive has so much increased what may be called the elasticity 
Yof its powers, that at the present day an incline of 1 in 100 would not be 
regarded as unfavorable, and the former limit of 1 in 200 would not be a 
matter of a moment’s hesitation. 

The gradients on Indian lines are generally very light, the greater part 
of the country being very flat. On the Punjab railway the maximum 
ruling gradient was defined to be 1 in 1,000, the only exception being at 
the approaches of two of the bridges. As a contrast there is a gradient 
of 1 in 37 on the Ehore Ghat Incline (Great Indian Peninsular Bail 
way). 

S09< Curves .—The importance of ewnw in the case of a Bailway is 
much greater than in that of a road, as will l)C explained further on in the 
chapter on Permanent Way. In laying them out, one or other of the 
methods may be adopted which have already been explained in the Section 
on Boads. Curves of 800 feet radius are often Tesortc<t to when on ac¬ 
count of the approach to a station, the speed of a train must be slackened; 
but it is hardly safe to admit them of a less radius than about ^ mile on 
the ordinary parts of the line. 

As curvature of the lino increase the resistance of trains and the danger 
of jumping off the line at high speeds, it is advisable to avoid very sharp 
curves on steep gradients, and on parts of the line where the speed is to 
be very high. 

Where sharp curves necessarily occur in the course of a steep ascent 
it is advisable, instead of adopting an uniform gradient, to make it slightly 
steeper on the straight pmrts of the line, and slightly flatter on the curved 
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parts, in order that the resistance of an ascending train may be as nearly 
as possible uniform. 

Both engines and carrii^es are adapted on American lines to sharp 
curves by means of the “ bogey,” a small four-wheel-truck, with its wheels 
as close together as possible, capable of turning about a pivot into various 
positions relatively to the carriage or engine which it supports, and having 
a platform on which the carriage is supported by rollers. A long passen¬ 
ger carriage is supported on two bogeys, one near each end; a locomotive 
eu^ne has one bogey under the leading end, the after end being supported 
on one or two pairs of driving wheels. By the aid of these contrivances 
engines and carriages are enabled to pass round curves of radii as small as 
8^ chains (231 feet). 

On the Bhore Ghat Incline, mentioned above, the sharpest curve has a 
radius of 15 chains on an incline of 1 in 75. 



CHAPTER Xli. 

FORMATION OP ROADWAY—TUNNELS—CROSSINGS— 

FENCING. 

SlO. The; Excavations on railways are often of much greater depths 
than are ever necessary on common roads, the extra expense being amply 
repaid by the adrantages of the easier grades and straightcr lines thereby 
attained. The thorough drainage of these excavations by ditches, cross^. 
drains, <&e., is of the highest importance. Their sides often need to be 
supported by retaining walls, in order to make steeper slopes possible, and 
thus to lessen their top width, when they pass through valuable ground. 
Sometimes these retaining walls are supported by iron beams, or Hat 
arches, extending across the railway at a sufficient height to clear the 
engines. 

The Embankments of railways demand the use of every possible precau¬ 
tion to ensure their solidity ; not only on account of their size, but because 
the vibrations impaired to them by the passing trains, greatly increase their 
tendency to slip. The expense and time required to form them in layers, 
often forbid the adoption of that method. Tliey are usually constructed 
by raising them to their full height at one end, and so carrying them on¬ 
ward. Temporary rails are laid along the bank and extended with it, and 
on them wagons, containing each about 3 cubic yards, are drawn by 
horses, or by locomotive engines, if the distance, or “ lead,” be great. 

The tops of the embankments, and the bottoms of the excavations, are 
jbrought to a height called the Formation level,” about 2 feet below 
the intended level of the rails, and there shaped with a fall from the mid¬ 
dle to each side, as in common roads, in order to drain off the water which 
falls upon them. 

The rules for the laying out, calculation and actual construction of Gut¬ 
tings and Embankments will be found in the Sections on Earthwork and 
Roads, and need not be repeated here. 
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Silt Instead of metalling, Ballast is employed on the top of the form¬ 
ation surface, in which the sleepers are imbedded which carry the chairs 
and rails. The use of tliis ballast is to protect the formation surface—to 
keep it dry—and to act as a firm, but not rigid, bed for the pennanent 
way. In England gravel is usually employed, sometimes chalk. In India, 
kunkur where procurable, or broken stone or roree (broken brick). Band 
has also been employed with success where other material was not available. 

The ballast is put oii to a total depth of about 18 inches or 2 feet; 12 
inches are usually first laid down, the sleepers are then laid on at proper 
intervals and the ballast properly and carefully hand-packed all round and 
under them. 

313i The following was the sj)ecificatiou for the ballast laid down on 
the Jubbulporc Railway:— 

TJk! ballast will consist of hard broken stone, clean gravel, clean kunknr or hard 
well-burnt clay ; or of wcll-bnmt broken bricks, or other approved material of equally 
good (jnality. 

'i'he ballast is to be broken to such a size as will pass in all directions through a 
ring ‘J inches in diaiuctcr. 

'J’h" portion o[ halliist iiiiinediately on the formation, at tlic discretion of the Engi¬ 
neer, may consist of coarsely broken stone or otiicr S]»ecilicd maieriul. 

'rheiT ^\'i11 he ahoiiL lSt$,400 cubic feet of ballast rc(£uire(l per mile for a single line, 
with an additional allovvaiiee for sidings and metalling. 

313. The roadway is often made for a single line ouly at first, but 

ground is taken sufficient In width for a double line hereafter if required ; 
spare ground should also be taken on one or both sides for depositing 
materials for the repairs of the line as in the case of a road. The width 
to bo so taken must depend on the price of the laud, as if too dear it can 
be dispensed with. 

The width rec^uired for stations, workshops, or other buildings, should 
be carefully calculated bcforch:uid and applied for at the same time as the 
land required for the roadway. It is better to apply for too much than 
loo little, as the making of the railway is sure to raise the price of the ad¬ 
joining land, so that if applied for afterwards tlie cost might be excessive, 
while if too much had been taken up, it might bo sold at a profit. 

314. The Breadth of Foi'rmtion or Base depends upon the gauge, 
or clear distance between the rails of a track, the number of tracks, the 
clear space between them, the clear space left outside of them for projection* 
of carriages and for men on foot, and the additional space required for the 
slopes of the ballast, tiie side dridns, &c. The following are examples:— 
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Kanow Indian 

SINGLE Line. 

Ft. In. Ft. In. 

Clear space outside of rail, .40 40 

Head of rail, . 0 2 | 0 2 ^ 

Gauge, .4 8 ^ 5 6 

Head of rail, . .. ,.0 2^ 0 2^ 

Clear space outside of rail, .. .. *. ..40 40 


Least breadth of top of ballast; and least width | 
admissible for archways, &c., traversed by thej- 13 IJ 13 11 

railway. j 

Spaces for slopes of ballast, and benches beyond 1 from 8 10^ ) ^ 

them on embankments, .( to 8 10 ^ | 

Total breadth of top of embankments, ., | 22 0 } 19 0 

Double Line. 


Clear space outside of mil.40 40 

Hoad of rail.0 2^ 0 2| 

Gauge,.4 8 i 5 6 

Head of rail. 0 2* 0 21 

Middle space (called the “six/ect”), .. .. ,. 6 0 6 0 

Head of rail, . 0 21 0 21 

Gauge.4 81 5 6 

Head of rail, .^. 0 21 0 21 

Clear space outside of rail, . 4 0 4 0 


Least breadth of top of ballast; and least width atlmis-\ „ 05 in 

sible for archways, &c., traversed by the railway, J 
Spaces for slopes of ballast and trenches beyond l from 3 9 | 5 2 

them, on embankments, .. ,. to89i 

Total breadth of top of embankments, .. | 33 01 310 

CuttLiigs are sometimes made of a width at the formation level eq^ual to 
that of the embankments on the same line ; in other cases they have an 
additional width given to them, to allow space for the side drains. 

)315t Tun'ieU. —In consequence of the eas?y gradients required for Hall¬ 
ways as compared with roads, the depth of cutting is often very great and 
when that depth increases beyond a certain maximum (usually about 60 
feet) it is more economical to resort to a tunnel. 

The nature of the strata through which a proposed tunnel is to pass 
should be carefully ascertained, not only by means of borings and shafts,^ 
but in some cases also by means of horizontal mines or drifts^ along the 
intended course of the tunnel. 

The most favorable material for tunneling is rock that is sound and 
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durable without being very liard. (Jreat hardness of the material increases 
the time and cost of tunneling, hut gires rise to no special difficulty. A 
worse class of materials consists of those which decay and soften by the 
action of air and moisture, as some clays do; and the worst are those 
which are constantly soft and saturated with water, such as quicksand and 
mud. 

In choosing the site of a tunnel, regard should be had, not only to the 
nature of the material and to the shortness and directness of tlic tunnel, 
but to the facility for getting access to its course at intermediate points by 
means of shafts and drifts. i • -w • * 

The Engineer should, as far as possible, avoid curved tunnels, especially 
'those in which the curvature is so sharp or so extensive as to prevent day¬ 
light from being seen through from end to end. 

Tunnels made in rock that is so sound as not to require a lining of ma¬ 
sonry or brick-work to prevent pieces of it from falling in, may he made, 
if the rock is igneous, of almost any shape that is most convenient for the 
traffic. Tin* elliptical or horse-shoe form is, however, generally adopted 
fur the sides and top, the door being level. Ln stratified rocks, the strong- 
o^it form for the roof is that of a pointed arch; though a flat roof has been 
used where the ruck consists of thick layers, and has few natural joints. 

In ordinary tunnels, measured within the masonry or brick work, the 
dimensions of most common occnrrence are— 

Hright. Width. 

For single lines of railway, ... I’O ft. 15 ft 

For double line of railway, ... 24 ft. from 24 ft. to 30 ft. 

Shafts or pits are sunk for three purposes; to ascertain the nature of 
strata to be excavated, when they are called trial shafts; to give access to 
a tunnel wlien in progress for the puqioses of carrying on the work, remov¬ 
ing tlie matcral excavated, admitting fresh and discharging foul air, and 
pumping out water, when they are called working shafts; to admit light 
and fresh air at intervals to, and remove foul air from, a tunnel when com¬ 
pleted, when they are called permanent shafts. 

216. Trial Shafts are in general sunk at or near the centre line of the 
proposed tunnel. Their transverse dimensions are fixed mainly with a view 
to convenience in sinking them. Six feet is an ordinary diameter for a 
round trail shaft; 6 feet by 4 are ordinary dimensions for rectangular 
shafts. The shape is regulated by the material to be used in lining the 
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shaft, being rectangular in timbered shafts, and cylindrical in those that 
are steined or lined with stone or brick. 

The number and distance apart of trial shafts are to be determined after 
previous boring, no general rule can be laid down on the subject; but the 
Engineer must, to the best of his judgment, sink such shafts as are neces¬ 
sary in order to give him an accurate knowledge of the strata to be ex¬ 
cavated. 

Worhing Shafts may be cither rectangular or round. Their usual 
transverse dimensions range from 6 to 9 feet; the greater diameter is 
advantageous, because of its admitting of large (juantities of material being 
raised and lowered at a time. Their distance apart varies, in ordinary cases, 
from 50 to 300 yards. In some cases, however, it has been found necessary 
to place them as close as 20 or 30 yards apart, for the purpose of discharg¬ 
ing foul air; while in other cases the height of the ridge to be tunneled 
through has rendered the sinking of shafts impracticable for very long dis¬ 
tances. An extreme example of the last case is the tunnel now in progress 
through Mont Cenis, which, when complete, will be eight miles long, and 
which must bo excavated entirely from the two ends, without the aid of 
shafbs. 

The range of working shafts of a tunnel may lie either along its centre 
line, or in a line parallel to the centre line, at an uniform distance to one 
side. When the latter system is adopted, the object is to keep the shafts 
clear of the excavation and building of the tunnel, with which they are 
connected by cross drifts, or headings. 

Permanent Shafs are in general working shafts that have been made 
permanent parts of the structure; the brick lining of each being supported 
on a permanent curb or suitably formed ring of brickwork, or of cast-iron, 
surrounding a circular orifice in the roof of the tunnel. Tlie top of each 
shaft is protected by being surrounded with a wall, and covered with a 
grating. 

Tunnels in dry and solid rock are generally excavated by driving a head¬ 
ing immediately below the intended roof of the tunnel, from which heading 
the excavation is extended sideways and downwards by blasting and 
quarrying. 

Drifts or Headings are small mines or galleries driven along the line of 
the timnel to explore the strata, drain off water, or remove the stuff ex¬ 
cavated. The least dimensions of a heading in which miners can work are 



TUNU ELS—CUOSSINGS—FENCING. 


237 


3 feet wide, and 41 feet high. If the soil is loose the sides and roof of the 
mine must be supported by a timber frame-work. 

817. The following data, on the authority of Becker, show the distri¬ 
bution per cent, of the cost of excavating a railway tunnel in Jura lime¬ 
stone, which required 1‘15 days’ work of a miner to excavate each cubic 
yard:— 


Workman’s wages, ... 

• • • 

... 

... 45 per cent. 

Blasting powder, 


• ■ • 

... 15 ,, 

Fuses, 


• *« 

... .1 „ 

T.amp oil, ... 


■ • * 

• ■ • 8 ,, 

Boring tools, 


••• 

... 2P 

100 


Tliis tunnel advanced at tlie rate of about a foot per day. 

Tunnels in soft materials, whether such as are soft from the first, or 
such as become soft by exposure to air and moisture, like some kinds of 
clay, require timbering to support the sides and top of the excavation, and 
to be liiHid with hrickwork to prevent their falling in. 

The bottom of the excavation is formed witli great accuracy to receive 
the invert, or inverted arch, ivhlch forms tlie base of the brickw’ork. Tlie 
invert and side walls arc built according to moulds, and the arch of the roof 
upon centres, consisting of three ribs under each length. The best centres 
have ribs of iron, with screws under each laggiii. The centres are usually 
supported on cross sills, which are themselves supported partly by posts 
resting on the floor, and partly by their ends being inserted iiito holes in 
the side walls which are built up after the centres are struck. 

After the brick-work of length has lieeii built, most of the crown bars 
which lie above the arch can bo pulled forward so as to serve for the next 
length; tliosc which resist tliis must be left. All spaces between the 
brickwork and the eartli must be carefully rammed up. 


The labor of executing brickwork in tunnels (including cost of lights) is 
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about double that of executing the same quality of brickwork abore 
ground. 

The figure shows a section of an elliptical tun¬ 
nel with an inverted arch ECE at the floor. The 
parts FG, GF, of the base, which directly bear 
the^ide wall and their load, are horijsontal. 0 is 
the centre of the ellipse EBABE, BB the minor 
axis, AOC about three-fourths of the major axis. 
The following was the distribnrion of the cost 



of Blechingley tunnel, according to Mr. Simms 

Matebialb. 


Bricks, ... 

Cement, 

Timljer, 

Iron Works,... 
Miscellaneous, 


Labob. 


Mining—Shafts, heading, &c.,. 
„ Tunneling, 

Brickwork, ... 


Ter cent. 
30i 
11 
111 
21 
61 


63 


Si 

15i 


19 

12 


MiSCELIiANEOVS EXPENSES. 


Such as tunnel entrances, culvert machinery, build¬ 
ings, inspections, &c,, ... ... ... 7 

JOO 

The total cost per yard forward was about £72; the clear dimensions of 
the tunnel being 24 feet x 24 feet, and the brickwork from 1 foot 10^ 
inches to 8 feet thick. 

318. The Monghyr tunnel, the only tunnel on the East Indian Ilailway 
between Cuicutta and Delhi (1,025 miles) is 900 feet in length, on a rising 
gradient of 1 in 500 up to within 75 feet of the west face where the 
gradient Jails 1 in 500. The dimensions within the brickwork are, from 
rails to soffit 23 feet, and width 26 feet. The tunnel passes through an 
outiying ridge of the Vindhya rmige of*hills exhibiting tlie junction of the 
quartz and clay slate. On the east side of the hill, the tunnel has to be 
cut through clay slate upheaved and contorted, and on the west side through 
quartz rock. The whole of ^e tunnel is lined with brickwork, in conse- 
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quence of the nature of the rock and the quantity of water percolating 
through fissures, &c., in the roof. The work was carried on at both ends 
by a top heading. 

On the Bhoro Ghat Incline, 13 miles long, there are no less than 26 
tunnels of a total length of 3,987 yards, of which 412 yards are artificially 
lined with stone. 

219. Ranging and Setting-out Tunnels .—The centre line of a tunnel 
having been at first ranged on the surface of the ground, a row of shafts 
are sunk in convenient positions along that line. 

In order to range the line below ground, it is irecessary to have two 
marks in the centre line at the bottom of each shaft, as far asunder as pos¬ 
sible, to enable that line to be prolonged from the bottom of the shaft in 
both directions. Tliosc marks consist of nails or spikes driven into Uie 
cross tinibons. 

The former practice wa.s to determine the positions of those marks below 
ground, by erecting over the shaft a timber frame, from which two plumb 
lines were suspended, hanging nearly to tlic bottom of the shaft, and to 
range those plumb-lines by the transit instrument; but as that process is 
diflicult or impossible in w'indy weather, Mr, Himms introduced the fol¬ 
lowing improved methods :—The Engineer ranges, by the transit instru¬ 
ment, two strong staJeos in the centre line, above ground, each about 
16 feet from the centre of the shaft, so as to be safe from disturbance 
while the work is in progress. To mark the exact position of the centre 
line, each stake has driven into its head a spike with an eye through its top. 
The eye of each spike is very carefully ranged in the exact centre line, 
being made visible to the observer at the instrument by holding a piece of 
white paper behind it. A cord is stretched through the holes in the spikes, 
so as to mark the course of the centre line across the mouth of the shaft. 
At each side of the shaft a plank is laid at right angles to the string, and 
with its edge over-hanging the edge of the shaft 2 or 3 inches, so that a 
plumb-line may hang from it clear of the side of the shaft. Two plumb- 
lines are then hong from the planks, directly under the cord that marks 
the centre lines; and the lower ends of those plumb-lines show two points 
in the centre line at the bottom of the shaft. 

Tlie approximate ranging of the “heading ” or “drift; ” or small hori¬ 
zontal mine that connects that lower ends of the shafts, is performed by 
means of candles, each hung from the timber framing in a sort of stirrup. 
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The accurate ranging of the centre line, after the heading has been 
made, is performed by stretching a cord between tlie marks already ranged 
at the bottom of the shaft and fixing at intcrrals of 30 or 40 feet, 
either small perforated blocks of wood carried by cross-bars, or stakes with 
eyed spikes driven into their heads, so that the holes in the blocks or 
spikes shall be ranged by the cord exactly in the centre line. The centre 
line of any part of the tunnel can then be marked at any time when 
required, by stretching a cord through two of those holes. The cross¬ 
bars are fixed in a temporary way to the timber framework of the 
heading so that they can be removed, to leave free passage for men and 
wagons; but their places are so marked tliat they can be relixed exactly in 
their proper positions at any time when it is required to range part of the 
line. 

Curves can be set-out below ground by means of a theodolite on a 
short-legged stand, and candles or lamps instead of ranging-poles. In 
this case, the two marks at the bottom of a shaft indicate the direction of 
a tangent to the curve at its centre. 

When the line of shafts does not follow the centre line of the tunnel, 
but a line parallel to it, a corresponding line is to be set-out through the 
heading at the bottom of the shafts; and from that line the centre line, or 
any given part of the tunnel, can be set-out by laying down off-sets in the 
transverse headings. 

330 # In order to set-out the levels of a tunnel, there should be a bench¬ 
mark above ground, near the mouth of each shaft. Wlicn the shaft has 
been sunk, aud lined with timber or brickwork, a second benchmark is to 
be made within the shafts and near its top, by driving into the timber or 
brickwork a horse-shoe shaped staple in a horizontal position, the levelling 
staff being held on its upper surface in taking its level. 

Some part of the masonry or brickwork of tlie intended tunnel is taken 
as a standard point by means of which the levels of other points are regu¬ 
lated ; for example, the “ invert skew-back,” or joint where the inverted 
arch forming the bottom of the tunnel meets the sides. That joint being 
at a fixed height above or below the rails, (generally below,) its depth 
below the staple is to be calculated. That depth is then to be set-off by 
hanging through-the staple a chain of rods of the proper length. The rods 
used by Mr. Simms are connected together at Uie ends by eyes and 
spring-hooks; the length of each rod, from the inside of the ©ye at one 
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end to the inside of the hook at the other, is 10 feet. To set off a given 
depth below the staple, the number of rods to be linked together is one 
more than the number of entire tens of feet in tlie depth ; the odd feet and 
decimals of feet arc set off on the uppermost rod by screwing a gland, upon 
it at the proper point. The chain of rods is then dropped through the 
staple until tlie gland, resting on the staple, prevents them from passing 
further, and supports the whole chain; a bench-mark, consisting of a flat- 
sided spike driven horisjontally into the timbering, or of a stake with a 
round-topped spike in its lieatl, driven vertically into the ground, is then 
adjusted at the bottom of the shaft, so that its upper surface is exactly on 
a hwel with the bottom of tbe lowest rod. 

The staph; fljrms a permanent bench-mark, through which the rods can 
be lowered again, nhcuover it is necessary to make a new bench-mark 
under ground, owing to disturbance of llie former bench-mark. This is 
always done after the brick-work has been partly built, in order to make a 
permanent l>cncli-mai*k, by driving a flat spike into the side of the tunnel. 

:22l, (Jnisaiiif/s iiiid (h'rersivtts of other lines of convc 3 'ance. When 
the course of a i-aiiway cn^sses that of a previously existing line of land- 
can iage, the I’ailway may either be carried over or under the existing line 
by means of abridge, or across it on the same level. When a canal or a 
river, is to he crossed, the railway ii^st bo carried eitlior over or under it. 
In order to fiieilitate siuli crossings, it may be nect'ssary to alter tbe level 
or divert tbe course of exist ng lines of eonveyaiiee; and in some cases a 
diversion may be required independently of any crossing. The parts of a 
road whoso levels are altered for the purpose of carrying the railway' across 
^it, are oalhul the appi-naclivs ol’ tlie crossing. 

Previously existing roads ma}' he crossed on a level when the crossing 
is said to be a Ja:i'cI Cro.oitinti ; or at a lower level wlien the bridge carry¬ 
ing the road over the rail is called an Occr-bridije, or at a liigher level 
when the bridge is called an I'lulrr-hriflf/e. 

Jjevcl Crossitif/s are always to be avoided if pos.sible, especially in a pop¬ 
ulous district us dangerous. In England tliey are all but prohibited for 
public roads. In a level country, however, they can hardly bo avoided 
without great expense and they are numerous on Indian Railways. They 
should have double gates shutting across the road on both sides of the 
rail, and across the railway when open, so as to prevent animals straying 
<m the line. Self-closing gates are occasionally used, but as a rule a gate¬ 
keeper should bo provided. 

2 1 
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Over-bridges should have a clear head room of 15 feet over both lines 
of rail and the width of the rail track should not be diminished to less 
than 25 feet; beyond this they will follow the ordinary rales for road 
bridges. In dangerous soil, however, special precautions should be taken 
to prevent the vibration of the trains passing below disturbing the founda¬ 
tions ; in such cases an invert should connect the two abutments so that 
the whole bridge may shake together. 

Under-bridges should have a clear head room of 12 feel, to enable a 
loaded elcjihant or wagon to pass, and the width should not be less than 
16 feet for a public road. As they have to carry the railway and to stand 
the vibration of trains going over them, they should be made of tlic very 
best masonry and the depth of the arch should be stmiewhat greater than 
for a road bridge. Iron Girders arc now generally employed. 

When roads are diverted to cross the line the approaches should not if 
possible have a steeper inclination than 1 in 30. 

323. Fencing .—On the land being niade over to the Railway authori- 
titft it should be at once marked off and fenced in. 

Almost all Railways are fenced on both sides. In a populous country it 
is essential to preve-nt trespassers on the line and to ensure trains from 
accidents by stray cattle. Ju America however, the linos generally run un- 
fenced through thinly populated districts, and on the Lahore and Moultan 
line the same system was proposed, but 1 believe Wiis overruled. 

TJie most common descriptions of fence are the ditcli and bank—^ivalls 
of mud or diy stone—the post and rail—wire fencing of .several sorts, and 
various kinds of hedges. In the first kind, the earth dng from the ditch is 
thrown up into a bank, and both slionld bo made deep or high enough to 
prevent cattle getting over. This kind of fence is easy and cheap to make, 
but requires constant repiiir and is genci’aJly only a temporary substitute 
for a mon- permanent sort. If intended to remain, some plant like the 
cactus should be planted on the top of the bank. 

Mud walls may be used in the drier parts of India, but they also require 
constant repair; the same may be said for dry stone walls, where the ma¬ 
terials is procurable. 

The post and rail is more effective as an obstacle; unless, however, the 
wood is kyanised or otherwise expensively defended from the attacks of 
insects it is quickly destroyed and is always wanting repair. 

Wire fences are common in England and have been introduced into India. 
The posts may bo of wood connected with 4 or 5 wires, about the same 
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thickness as telegraph -wire, or the standards themselves may he of iron. 
At intervals a straining post is used by which the wires can be tightened 
or slackened. Tliis fence is efTectual enough if carefully put up, but is very 
expensive and apt to be stolen. A writer in the Calcutta IDngincer’s 
Journal recommends a wire fencing on standards consisting of live trees 
planted at proper intervals apart, and the idea seems a very good one for 
this country. 

'1 he best fence is undoubtedly a <juick-sct hedge or other evergreen j but 
in India it is often diflieult to grow in consccjuence of the scarcity of water 
and the difiiculty of supervision; even under favorable circumstances from 
3 to h years are needed before it is strong enough to be a perfect obstacle, 
until which time a temporary fence must be used. 

“ The bc:sl kind of wooden fencing cut out of timber logs and properly 
tarred over, costs Rs. 30 per 100 lineal feet or Rs. 3,180 2 Jer mile. A 
strong and scrviceabhs iron fence on the other hand composed of wire strand 
with bar iron standards costs in England £206 per mile. Add to this £30 
per- mile for freight and insurance to Calcutta or Bombay, and say lls. 400 
lier Tiiilc for inland transit and erection, tliere would still be a saving of 
Rs. 420 per mile, in favor of the iron fence.”* 


C'nk-ultB Engineei'* Jotirnni. 
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PEltMANENT WAY. 

SS9, Muvh discussion has, from the first iiitrotluction of Itailwaja, 
taken place as to the best form of Permanent Way, and tlie practice is 
even now anythiiig bat nnifonn. The first rails were simply bars of flat 
iron supported on wooden blocks, fixed at intervals on the formation 
level. Stone blocks wore then substituted for Avood, but liave now ge¬ 
nerally been abandoned, as too rigid and inelastic. 

The goiiei’al qualifications required in any system of permanent Avay are 
—^r-lst. That it should be fixed so firmly that the gauge, t. a., the distance 
between the rails shall always be preserved, otherwise the carriages would 
be thrown off the line; 2nd, Tliat it sliould preserve a horizontal position 
across the line (except in the case of curves), otherAviso there would be 
danger from the ycentrifugal force, especially at high speeds, and tho 
unequal pressure would injure both engines and carriages; 3rd, That it 
should preserve an even position Icjigthways, otherwise the carn'agos would 
proceed iii a succession of bumps or jerks, which avouIcI c;aiise a loss of 
poAver from increase of friction, and be highly dangerous to springs and 
axles; 41^1, That there should be a ceidaiu eln.sticity in the roadAvay, where¬ 
by the rigidity of impact between rails and wheels will be aA'oided, snch 
rigidity being dangerous to tlio axles, and causing much wear and tear; 
5th, That tlie friction between the wheels and rails should be a minimum 
beyond the amount necessary to ensure tho Avhecls biting; ^th, Tliai the 
rails should be strong imougli between the points of support to bear with¬ 
out changing form, the greatest weight liable to come upon them. 

At first the plan was tried of fixing the Jiangc on to the rail, but ex¬ 
perience quickly showed that this was inferior to fixing it on the wheel, 
and the wheel tire and flange were made in their present fonn, to allo.w a 
certain amount of free play. As the carriages employed were heavier and 
the pace faster, the rails were found too weak and accordingly strengthen- 
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cfl, but as strength was evidently required in proportion to the distance of 
the rail from its point of sup]>ort, the fish-bellied rail was Introduced as a 
more economical means of employing the necessary quantity of material. 
At this time, however, cast-iron rails were alone employed os cheaper, but 
it was soon seen that for heavy carriages and increased speed they were too 
brittle to be trusted, and wrought-irou quickly usui'ped its place. Tlience 
the fish-bellied pattern w'as abandoned as being more difficult to roll, and 
the saving of material not compensating for the extra cost. ^Fhc double 
y headed rail was then invented, and has since held its ground pretty 
fi^nnly against all later inventions. We shall therefore describe it here, 
and then give some account of the more important of other descriptions in 
use. 

284, The section is sho\vn in Ihe figure. The rail is supported on 



cast-iron chairs, which arc spiked down to wooden slecj)crs laid across the 
breadth of the line; the rails being brought into exact position, and made 
to preserve their tnie gauge by wooden keys. Of each of these separate 
parts wo may now speak in detail. 

Sleepers are generally made of wood, though sometimes of iron; they 
arc usually rectungular in section, about 9 or 10 by G or 7 inches, and 
long enough for both rails to rest on mth sometliing over on each side, 
say 9 feet for Indian Railways, where the gauge is 5^ feet. Triangular 
sections have been used with the base upwards; or a semi-circular section 
with the flat side two sleepers being sawn out of each round log. 
Both these are |pmmonly employed for temporary lines, or in places where 
timber is dear, and where a cheap line is desired with low speeds. 

» j 

The sleepers are placed from 2^ to 4 feet apart, the distance being les¬ 
sened as the gauge and weight of engines increase, or the strength of the 
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ml diminisLes. Tliey Bhonld be laid carefully in the ballast, which should 
bo hand packed under and around them, and which generally just covers 
the upper surface of the sleeper. 

Various kinds of wood arc used for sleepers in different countries; the 
timber should be heavy, tough, and impervious to heat and damp, or the 
attacks of insects, and the wood wdiioh has the most of tlieso qualities is of 
course the best, but economy has to be duly considered in making the 
choice, and tliis often obliges us to use inferior woods for the purpose. 
English sleepers are usually of Scotch or Illga fir, or Swedish or Memel 
pine. In India, teak, sanl, and deodar are the woods which have chiefly 
been employed. The wood should be tlioronghly seasoned, and if possible 
kyanized. It is a fact, however, that when once trains are running, sleep¬ 
ers arc rarely attacked by wliite ants, the vibration of llio trains probably 
destroying them before they can imvlce a i)ermaiioni lodgment. 

On the Sind Railway, among the kinds of wood used for sleepers, the 
deodar was found to be the cheapest; and when steeped in sulphate of 
copper or Buruettizing solution, very durable. English creosoted phie 
stood well, except that, owing to tlie extreme dryness of the climate, it 
was liable to twist and split, and in the latter case became exposed to the 
attacks of white ants. The cost of the deodar, delivered at Kotree was 
Rs. 3 per sleeper; that of creosoted pine, Rs. 4-7 (8s. llrf.) delivered in 
Kurrachec. The cost of Burnettizing at Kotree was 3 annas per sleeper, 
and this was found sujjerior to the sulphate of copper j)rocess, inasmuch 
as wood prepared with the latter rapidly corroded nails or spikes driven 
into it. 

Chairs .—On the wooden sleepers are fixed the Chairs, by means of two 
wrought-iron splices, driven vertically through the sleeper, each of which 
carries two chairs one for each rail. The diairs are made of cast-iron, and 
weigh about 20 lbs. each. The upper part of the chair receives the rail, 
which, as above said, is fixed tightly to it by means of the wooden Ket/s 
or wedges. These should be of oak, or other hard-wood; those employed 
in India are English made, and the wood is compressed by powerful ma¬ 
chinery. By striking these keys with mallets, the line is kept in accurate 
gauge, and it is tlie duty of the inspectors, after the li^ is opened for 
traffic, to have the length under their charge constantly measured to see 
that tlic gauge is accurately preserved. 

225. Rails .—These are made usually in lengths of about 20 feet, and are 
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ifitted on to the chairs in the manner above described. Where two rails 
lunite, what is called a finh-yhiU i is used to connect them, which is simply a 
[piece of bar iron, about 2 feet long, laid sidew'ays and fixed to both rails by 
four screws and nuts. 

The double-headed rail is in cfi'ect a small girder, but one intention in 
giving it originally its present form was, that when the upper head was 
worn out by the traffic, the rail should be turneeV upside down, though I 
am not aware that this has ever actually been done on any line. 

ilails are or should be made of the best and toughest iron, rolled very 
carefully in the rolling mill; they are subject to abrasion of tlie upper sur¬ 
face from the wear and tear of traffic, and from laminufion, i. e., a ten- 
danoy to split oft' in layers from the contiinial [iressure of the wheels. 
Their weight 2 )cr lineal yard, i. t'., the actual area of their cross section, 
depends on the nature and amount of traffic which they are to carry. 
Those on the East Indian Railway, weight about H4 lbs., which is rather 
above tlic average weight in England. On the J^uujah Iluilway the weight 
i.s (.'dy OG lbs., the annuint of tralfie not being likely to be heavy. Theoret¬ 
ically, as before stated, tlie section should be strong enough to prevent 
any [»ossible change, of form from the, heaviest trains running over it, 
with an auqde margin of safety and allowance for abrasion. The speed 
as well as tlie weight of the trains is also lo be taken into account in 2)rac- 
tic(!, and though its elleel njjoii the rail cannot he theoretically calculated, it 
seems generally admitted that it should be cared for. Sii]) 2 )oshig the 
2 )oiiits of su^iiKirt iur the rails (/. e., tlie chairs and sleepers) to bo d 
feet aj;)art, tlic heaviest m ight they would have to boar would be when the 
driving wheels of the largest locomotive in use were resting on them, which 
would be e( 2 nivalent to a weight of about 10 tons on the pair of rails, or 5* 
tons Oil one acting at the middle of the rail, equivalent to double that; 
weight uniformly distributed. Considering the rail then as a girder, the 
strain on the lower flange = S = ^ (making the dejith d = 

5 inches) = 10 tons nearly, and taking tlie safe strain as 4 tons per square 
inch, the sectional area of cither llangc of the rail should not be less than 
2-^ sc)uare inches, or of the whole rail, about 7 square inches. It is gene¬ 
rally much morg. 

As a general rule, it may be stated that the weight of a yard of rail, if’ 
svppo 7 'ted at intervals, should be 15 lbs. for each ton of the greatest load oi^ 
me driving wJteel. Wlien the bearing is coutiuuuas, about five-sixths 

that weight are sufficient. / . , ' , 
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The Permanent Way in use on the East iudian Railway, is formed of a 
double-headed rail, 84 lbs. to the yard, mostly in lengths of 20 feet. Six 
sleepers are used to each 20 feet length, being placed 3 feet C inclics frf)Ui 
centre to centre, exe-ept at the ends, where the bearing is 2 feet 6 inches 
from centre to centre of chair. Tlie chairs used weigh 22 lbs. The gauge 
is 5 feet 6 inches, which is the gauge of all the Indian lines. On a por¬ 
tion of the Madras lino, the same heavy rails as on the East Indian were 
used; on another portion, however, the road is laid with rails weighing 
only 05 ibs. to the yard, seven sleepers being used to a length of 20 
feet. On the Madras line a plan was resorted to, which had been long 
since abandoned in Englantl, of iising granite blocks instead of sleepers; 
but, as might have been expected, tlieir use was soon given up, owing 
to the blocks fracturing and'the road being rendered rigid. 

Tbe following is the specification for the Jubbulpore Branch of the 
E. I. Railway now under coTistniction :— 

The weight, of the penimnent way is estimated to be os fullowa, per mile :— 

115 tons rails of 73 lbs. to the yard. 

Muximnm length .of a rail, 24 feet. 

35 tons clmirs 21*5 tbs. caeh.. 

5 tons fishes. 

3 bins Kjiikes, in eases of about 5 cwt. 

1J tons bolts and nuts, in eases of about 5 ewt, 

1J tons of Tvpys, in casks. 

The sleepers penerally will Ixs of Tndiiui woods, 10 feet long and 12 inches by <> 
inches in section, not exceeding 1,700 to the mile, and averaging about 240 bins 
weight to tlie mile ; but should it be foimd iiiijiossible to obtain a sufficient supply of 
native sleepers for the line between Allahaliad and Myluirc, creosotwl lir sh-epers, 
weighing 142 tons, or Greave’s bowl sleepers, weighing 1+2 tans jter mile, will he 
provided. 

In laying rails, the allowance for the elongation produced by summer 
heat must be very carefully made. In a 15 feet rail, the difiereuce of 
len^Tth for an increase of TG® Fahr. will be about y\th of an inch ; but at 
the same time that provision must be made for the free cxiiausiou of the 
rails, they must not be laid with so op('n a Joint as to give rise to concus¬ 
sions. It is usual, also, to give a slight inclination to the upper surface 
of the rails, inclining inward about 1 in 30, for the purpose of giving a 
better bearing to the conical surfaces of the wheels. Upon level crossings, 
very sharp curves, viaducts, or bridges, it is usual to fasten counter-rails; 
but they have so often proved sources of danger, through their indepen¬ 
dent movements, that these counter-rails are never placed unless under 



PERSIAN EXT WAY. 


249 


very exceptional circanititauces. On level crossings they arc necessary in 
order to protect the rails from the sliocks of passing wagons. 

Fractures of the rails occur on changes of temperature, and chairs are 
frequently broken when wedged up too tightly. Croat care is therefore 
required in the inspection of the rails at those seasons; and it is worthy 
of remark, that there is a marked tendency of the rails to displace them¬ 
selves in the direction of the movement of the trains, especially oii inclines 
and near the stations. In some cases, every 10th or 20th rail is notched 
upon its chairs, in order to resist the tendency to this Idud of displacement. 

The following were the directions to the contractor for laying the per¬ 
manent way on the fJubbnlporc line :— 

The centre line of the railway will be marked oat by the En^dneers, and stakes 
driven at ])ropcr intervals, givinj^ both the line and level of the rails. 

The sleepers arc to be prciwircd for the reception of the chairs by planing the seats 
for the chairs for the whole breadth of the sU-epors, and not less than 18 inches in 
length for each chair. The surface to be dressed smooth, lc\cl, and brought out of 
winding by means of gauges prepared for tliut purpose. 

The joint sleepers and their cliuirs arc to be first laid down, and tlie rails fished 
and laid in their places exactly ])arall«'l and level, and t.o the right gauge. The in- 
tennediate chairs having hocu previously- slipjajd on to the rails the intenuediate 
sleepers arc then to be brought into their proper position, the chairs keyed-on to 
the rails at tlie exocrt distance rerjuired, holes bored in the sleepers with the sclf- 
odjustiug guard auger, and the spikes carefully and firmly driven and fixed. 

There will he an average of about 1,7<K) sleepers laid in every mile of the railway, 
but plans will be fiiniished to the contractor showing their exact distance apart from 
centre to centre, and other necessary details. 

The slecpci-s and rails arc to be laid to the proper height at fii-st, and no raising or 
lifting through the ballast will be jxrnnitteil. 

If necessary the ends of the rails arc to be cut or filed true and square, and, in lay¬ 
ing, all the joints must be left wiric enough to allow for expansion. 

336. Permanent Way on Curves .—In order to diminish the danger as 
far as possible of the carriages leaving the rails, it is usual in order to 
counteract the centrifugal force to give a transverse slope to the surface of 
the rails of a curve, technically tenned the mat. 

Let V be the velocity of a train'in feet per second, moving round a curve 
of the radius r in feet, then its centrtfugal force bears to its weight the pro¬ 
portion of 



and this is the ratio' which the caref, or elevation of the outer above the 
inner rails, mnst bear to the gauge, or transverse distance between the rails. 
If V be the speed in miles an hour, 

2 a 


VOI>. II. 




250 


PEBMANENT WAY. 


cant for centrifugal foree = gauge X nearly. ; 

One-half of the cant should be given by raising the outer rail above the 
level of the centre line, the other half by depressing the inner rail. It is 
iinpossible to adjust the cant alike for all speeds; but it is best to adapt it 
nearly to the highest speed of ordinary occurrence on the line. 

For example, suppose that speed to be 40 miles an hour; then the 
values of the cant for the ccnti-ifugal force, in inches are as follows, for 
different gauges:— 

(laage. Cant for centrifugal force, in inches. 

4 feet 8| inches. 6,000 -j- radius in feet. 

0 ,, 6 „ 7,040 -^ 

A very common elevation of the outer rails, on curves of 1,000 yards 
radius (and this seems to be the miniiuura radius which should be allowed 
in railvrays upon wliich ordinary express speeds, are attained) is about 2 
inches; and iu citrvcs near stations, of 500 yards radius, the elevation 
becomes about 2.^ inches. 

liesidcs tlic danger from centrifugal force there is also a loss of power 
in passing round a curve, which is chiefly owing to the wheels on the outer 
rail of the curve having a larger arc to move over than those on the inner 
rail, whereby the resistance of the latter is greatly increased. To lessen 
this resistance, the wheels are made conical with their inner diameters 
greater than the outer, so that on curves the outer w'hecls run on their 
greater diameter and the inner ones on the less. ThLs arrangement has, 
however, the disadvantage of increasing the oscillation of the carriages on 
straight lines. 

237. Having now considered the details of the most usual form of 
permanent way, we may con.sider one or two of the more important vari¬ 
ation from the ct^bimon practice. The first of these is the kind employed 
by Brunei for the Great Western Railway. 

The gauge of this fine was made 7 feet, instead of the ordinary one of 
4 feet 8^ inches, which of course involved heavier carriages, and there¬ 
fore a greater weight to bo borne by each rail. It 
was therefore resolved to support each rail along its 
whole length by sleepers fixed longitudinally instead 
of across. A rail weighing 72 lbs. to the yard was 
used, of the section shown in the figure, and was spiked down to the sleep¬ 
er, without the intervention of chairs. 
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The gteat objection to their use lies, in the necessity they involve for a 
Very expensive timber substructure, which is liable to rapid decay, and to 
frequent deformations by the warping of the wood, or by the expansion of 
the rails. Practically, then, although the system of continuous bearings 
produces a road of a very pleasant description for the traveller, so long at 
least as it is in order, it is found to be of so costly a niainteuaiice that it is 
rarely used in England, unless when the roadway has to be carried over 
viaducts, bridges, or other works, where the percussion upon the interme¬ 
diate bearings miglit become injurious. 

For light or temporary Railways,or foot, or single headed 
Kails are used, weighing only 30 or 40 lbs. to the yard. 
Tliis kind is being used by the Indian Branch Railway Com- 
paiiy in the hues now under constniction, the speed on which 
is not to exceed twelve miles an hour, the gauge being only 

4 feet. 

The expense of Kyanishig or Buniettiziiig wood, and the j)erishablo 
nature of the material, even when so jireparcd, has led to tlic jmrtial in- 
iroductiou of iron sleepers both in India and elsewhere. Tlic objection 
liitborto made to them (l)esides tlieir expense) lias been the too great 
rigidity of the roadway thus formed, but of laic years opinion seems to 
have altered on Ihhs jioinl. On the Egyptian Railway they are in use, 
laid in saiid-bullast, and are said to answer well, and a large number of 
(Jreave’s patent Lave lately boon sent out for the Punjab line. Tlicso 
consist of a combined cast-iron hollow block and chair in a single casting, 
the rails being fixed in the usual manner, and the gauge preserved by tics 
to each set of Blec])ers, us shown in the figure. 



Tlie cost of Greave’s iron pot sleejicrs per mile on the Punjab Railway, 
«s compared with wooden sleepers, is shown below;— 
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CJost of sleepers per mile on a line of single Railway— £ 

Greave's iron pot, .1,500 

Creosoted fir from England,.1,372 

CreoBoted Indian woods, .1,101 

S&l, ••• ... ... ... ... ... ... ... 1,085 

Burmese iron-wood, .1,532 

„ teak, 1,.532 

West Australian jarrah.1,372 

There appears to be some difference of opinion amongst Engineers as to 
the eflGciency of this kind of permancnl way. If the bowls arc not laid 
in ballast of a soft and yielding nature like sand, they are apt to be broken 
by the concussion of passing trains. But on the whole they seem well 
adapted for Indian use especially at moderate speeds, w'hile the indes¬ 
tructible nature of their materia^ makes them far preferable to a line laid 
with wooden sleepers. • 

Cast-iron sleepers were experimentally used for a length of about 17 
miles on the East Indian Eailway; they were found to make such a rigid 
and bad road, that they had to Ik* removed, and wooden sleepers snbstitu-, 
ted. The Chief Engineer then suggcstcid the trial of a road entirely of 
wronght-iron, and Goreniment sanction was obtained for an experimental 
lengtli on one mile. Tliis mile was laid down on the main line near Howrali, 
but with what result has not yet been published. The road is an ordinary 
bridge or foot rail on a longitudinal wrought-iron bearing, designed and 
patented by the Chief Engineer in 1859—and if it has proved successful, 
will probably be used for the doubling of the line. 

228, The following is a description of tliis Permanent Way patented 
by Mr. Sibley:— 

The wrought-iron road consists of a lower continuous bearing, formed 
by two angle-irons 5| x 5^ in 20 feet lengths bolted together, breaking 
joint at half the length, and carrying a bridge rail bolted to the angle-iron 
longitudinals with ^ inch hard wood packing intervening. The cross 
transoms or ties being placed at 10 feet intervals, also formed of angle- 
iron, and bevillcd at tlie end to give the necessary tilt to the rail. 

Five miles of this road have been down for the last two years on the E. 
I. Railway, and are said to have answered well. The cost is not more than 
that of the wooden sleeper road. 

The advantages of this road are first, that it contains no perishable parts 
except the hard wood packing, a trifle in itself, which can be re-placed 
without disturbing the road. 
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Secondly, its great strength and stiffness, forming as it does a beam 9 
inches deep, and 11 inches broad. 

Thirdly, its great hold of the ballast, the central web being 5^ inches 
deep, which keeps it firmly in lino even in curres. 

Fourthly, the facility afforded for packing without opening out the 
road as is necessary with the sleeper road; and 

Fifthly, the diminished depth of ballast required, owing to the bearing 
surface being only 3 inches below rails.* 

A few years ago, a patent was taken out in India, by Mr. Rutter, 
for what he called the longitudinal block sleeper road, in which blocks of 
wood were shaped to receive the rail, and in which it was imbedded. The 
blocks were in pairs of any length, and were bolted together underneath tiie 
rail; the gauge was maintained by transverse tie-bars. This plan would 
perhaps be clieaper in India than the cross-sleeper road, but it has stiU the 
advantage of requiring timber. Mr. Rutter’s invention is very similar to a 
plan propo.scd by Mr. W. Bridges Adams, in which a double-headed rail 
was enclosed in two longitudinal bulks of timber, which were tightly bolted 
below the rail. This system was tried on the North London and Eastern 
Counties line, and found to answer admirably. It was at one time pro¬ 
posed to introduce it on the Bombay and Baroda line. 

229. Before proceeding further, the question of Gauge may be 
noticed; which, as explained already, means the clear interval between 
each pair of rails; the length of which is an important matter, as on it 
depends the width of all the rolling stock, and thence the weight of the 
various carriages. 

Tlic ordinary narrow gauge used in England and in many of the Con¬ 
tinental lines is 4 feet 8| inches, a dimension arbitrarily fixed from the 
fact of the first railways having been made at the collieries, on which the 
trucks then in use happened to be of the above dimensions. The same 
gauge was preserved on all lines for many years, until Brunei introduced 

* The consideration which determines the full dept.h of ballast required is the thickness provided 
below the bearing surface; this is Axed on otir lino at 14 inches in the sleeper road; the bearing 
surface is 13 inches below surface of roUs, and the ballast is boxed np to within 3 inches of rail 
surface (giving a total depth of 2 feet), to pmserve the sleepers from exposute, and to securs tbo 
road from lateral motion. 

In the wrought-iron road, tlie bearing surface is only 4 Inches (instead of 13 inches as in a sleeper 
road) below surface of roUs, );hns eUectlng a clear saving of 9 inches, leaving the same d^ith below 
bearing siuface. 

The stability from lateral motion in the wronght-lron roaUs eflectoally soenred by the deep 
angle-irons which have a 6-inch hold in the billast. * 
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the Broad Gauge (7 feet) on the Great Western Railway, calculating that 
thereby he would gain greater power, speed, and capacity of carriage, out 
of all proportion to the extra expense to be incurred. For the next few years 
the “ battle of the gauges ” was fought both in and out of Parliament; and 
it is now generally allowed that the narrow gauge advocates had the best 
of the argument; but, practically, the question was settled by the large 
number of lines which had adopted the narrow gauge, and from the ex¬ 
treme inconvenience attending a break of gauge at points of junction of 
two lines, and which necessitated an entire transfer of passengers and goods 
from one set of carriages to the other. 

On the Irish lines a medium gauge of 5 feet 3 inches was adopted, and 
that of 5 feet C inches w^as adopted after much discussion, as the gauge 
for all lines in India. 

Railways may have either a single or double line of rails. Where the 
traffic is light, a single line will generally suffice, but ground should be 
taken sufficient for a double line, in case tlic traffic (as is likely) may 
hereafter require it. In India, the earthwork is made at first for a single 
line only, but the substructure of bridges is wide enough for a double line; 
that is in the case of an Iron Girder bridge on masonry piers, the piers are 
made of full length, but girders are at first only put up for one line. 

Where a double line is used, one is reserved for the up, and one for the 
down, traffic, to avoid all chance of direct collision. On English lines the 
old rule of tlie road is observed, trains passing each oilier on the right 
of both; this is of course an arbitrary arrangement. 

Where a single line is used, special arrangements have to be made to 
prevent risk of direct collision, but this will be more properly treated of 
further on. 

230. To enable carriages to be transferred from one line to another, 
two methods are used. 1 st, Turntables ; these enable a carriage or engine 
to be turned round on the same line, or by being worked in pairs, and with 
the help of tw'O short connecting rails to be moved from one line of rails 
to the other. 

A Turntable is a large circular disc turning on a pivot, and of a size 
sufficient either to receive a carriage alone, or a locomotive, or an engine 
and tender. Tlie turntables in general use are of cast-iron, with wrougbi- 
iron ties, bolts, and revolving gearing; they arc also made of wood and 
iron, or of wrought-iron siline. Sometimes the whole^ table is supported 
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on an iron girder, so nicely balanced on its pivot as to be easily turned 
the strength of a couple of men. Large turntables are about 21 feet in 
diameter, the smaller ones J2 or 15 feet. Those for an engine and tender j 
are, however, 40 feet in diameter. A turntable consists essentially of the] 
following parts:—A foundation of masonry or concrete, a circular cast-j 
iron base having a pivot in the centre, and a track for rollers round thej 
circumference. A set of conical rollers carried in a frame wliich turns' 
about the pivot; a platform supported on the pivot at its centre, and on. 
the rollers at its circumference, carrying one or more lines of rails, and pro¬ 
vided with catches to fix it in different positions. Turntables are generally 
moved by direct manual force, but those of the largest size require the aid 
of wheel-work. 

If it be desired to reverse the direction of a train, and to avoid the ex¬ 
pense of a turntable or to serve its purpose temporarily and there is suffi¬ 
cient space, two short siding lines may be laid in from the main line, 
diverging from it, but converging towards each other, and meeting at a 
short distance like tlie two sides of the letter V, with a piece of straight 
line continuing from their point of meeting, so that the whole resembles 
the letter Y. A carriage or train may be turned down one of these sid¬ 
ings, run along the piece of straight line to clear the switch, and then 
backed along the other siding into the main line, which it enters in the 
opposite direction to that in which it left it. 

Traversnnj pMJonus are used when it is desired simply to pass engines 
or carriages from one line of rails to another situated parallelln to it. 
Tliey are exclusively fixed in stations where no through traffic can possibly 
be admitted; because they consist of a platform susceptible of movement 
only in a direction transversal to that of the line of rails, and moving on 
rollers in a deep pit extending the whole length of tlie lines thus put in 
communication with one another. 

Switches and Points .—By these, trains can be transferred from one line 
to another while in motion. The apparatus used consists of two parts 
known as tlic switch and the points, the former consisting of a moveable 
rail or tongne tapered at tlie end, so as to lie close to the main rail or to 
move sufficiently far to enable the flange of the wheel to go in between. 
To move the switches and render tliem also self-acting, a lever is employed 
with a counterpoise arranged to act within the switch-box, which is placed 
at the side of the line, and from which the handle of tihe lever protrudes. 
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The switches are~arraaged so that tlie main line is always kept open when 
the lever is not touched. 

The points are fixed tapered terminations where two lines of rails cross 
each other, and which are made of extra hard iron or steel to prevent their 
being injured. Opposite the points guard or check rails are provided to 
keep the wheels from swerving out of the intended course. 

In the plate, a three-throw switch is also shown. In this the single lino 
of rails is shifted by the switch, which moves both rails together, to either 
of the three diverging lines. 

In estimating the amount of permanent way required for a lino, a 
cerUun amount of sidings must be allowed for every station to enable a 
train to be shunted, i. e., to be run off the main line when stopping at the 
station. An extra amount of ordinary rails and sidings must bo allowed 
at more important stations where spare engines or carriages are kept, and 
a large additional amount for the terminal stations where trains are made 
up, spare carriages kept, &c.', it being the first condition of safe traffic that 
the maiu lines are on no account to be blocked. Of this more will be said 
under the head of Stations. 
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ROI.LING STOCK—LOCOMOTIVES. 

331 • Rolling StocJc .—Railway carriages for the conveyance of passen¬ 
gers are usually very capacious, the bodies being made to project over the 
•wheels, which in ordinary lines are made 3 feet, or 3 feet 6 inches in dia¬ 
meter ; but as the centre of gravity of the carriages is kept very low, the 
ovcrsailing of the frame produces no evil effects. On account of the rapid 
speed at which the carriages travel, and the violent shocks to which they 
are occasionally exposed, their frames are necessarily made of great 
strength; and every precaution is taken by the introduction of springs and 
buffers to diminish the violence of the blows they receive, or the effect 
they themselves might produce upon tlie rails. Elasticity in the traction 
is also necessary ns well for the safety and comfort of the passengers, as 
for the preservation of the carriages; and even in order to economise 
engine power, for if it did not exist, the engine would be obliged to exer¬ 
cise a greater power to start the trains than it •would do for the mainten¬ 
ance of the speed once attained. Various contrivances, more or less 
successful, have been adopted to secure these conditions; but •the sys^tem 
represented in the plate is the one usually adopted; it represents the 
framework of a carriage, the body being supposed to be removed. Tlie 
frame is carried on springs fixed outside the wheels, and resting on brass 
bushes, which bear directly on the axles; a, a, a, a, are the buffers, or 
discs of wood or metal, covered with cushions, and fixed to the ends of me¬ 
tal rods, working between guides against the ends of very strong horizontal 
springs c, c. In such cases, when the train is suddenly stopped, the springs 
are forced against one another, and serve thus to soften the blow to an 
extent dependent upon the force of the spring. The draw-bars are also 
attached to the centre of the horizontal springs, and thus prevent any 
sudden jar to the frames of the carriages at their starting, and the several 
draw-bars of a train are attached to one another by a coupling chain, 
VOL. II. 2 L 
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bearing a double thread, so as to force the buffers into close contact; 
loose chains are also placed by the sides of the buffers, in case the 
coupling chains should break. Many yarieties of springs have been 
applied for both the purposes described above; bxit experience has led 
engineers to resort to the old-fashioned plate springs, of couree of con¬ 
siderable thickness, and of the very best quality of steel. 

The ordinary first-class carriages have three compartments, able to con¬ 
tain from six to eight passengers in each compartment; the second-class 
carriages mostly have three or four compartments with ten passengers in 
each compartment; whilst the third-class canriages are made to contain 
from fifty to sixty passengers each. The weight of tlxe best modem first- 
class carriages, on tlie narrow-gauge, is about 5^ tons; that of the second- 
class is about 6^ tons; and that of the third-class 6 tons: or, in other words, 
the ratios of the dead weights of the carriages to the loads transported are, 
tn the several classes, as 2*9 to 1; as 2*1 to 1; and as 1*6 to 1. A certain 
number of the carriages in each train is made with breaks, and a guard’s 
van, with occasionally an extra luggage van, are added. Horse-boxes, 
carriage-trucks, and post-office wagons are made upon the same principles 
of framing and suspension, as the ordinary traveller’s carriages, so as to 
allow of their being added to the same trains as the latter. As the goods 
wagons do not travel at the same velocity as the wagons for the con¬ 
veyance of passengers, there is not the same attention paid either to their 
modes of suspension, or to their draw-bars; but every wagon which is 
added to a train moved by a locomotive engine is hung upon springs, even 
when there is no spring draw-bar; there is very rarely any buffing appa¬ 
ratus attached to merchandise wagons. On ordinary narrow-gauge lines 
the weights of goods carriages range between 3 and 5 tons; they carry 
about 5 tons each. 

On the American and some continental lines, the passenger carriages 
have no partitions but are open their entire length with a passage down the 
centre. Third class carriages arc sometimes built in two tiers, to save ex¬ 
pense ; the height is apt to make them top-heavy at high speeds, and to 
necessitate greater space under any over-bridges crossing the line ; they 
have however, been tried on the Bombay and Punjab lines, and are said to 
answer well. 

Breaks consist of pieces of soft wood (poplar is generally used) which by 
means of a lever can be made to press against the dreumference of the 
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wheels, and thus by the friction chedk their revolution, and bring tlie tnm 
to a stand still. 

Prr^ortion of Gross to Net Load .—The proportion of the weight of 
carriages to the weight which they can carry is important, as on it depends 
much of the economy of the traffic. In the following statement the ordi¬ 
nary proportion of the weight of goods and mineral wagons to the loads 
which they carry, are given on the anthority of Mr. D. K. Clark; and from 
those proportions arc deduced the proportions of gross to net load in goods 


and mineral trains:— 

Wagon Gross Load 
— Net Load -j- Net Load 

Well made open wngnns,. J 1| 

Well made co^red wagons, . f Ij 

Clumsy wagons, I 2 


In computing tlie gross load to he drawn behind a locomotive engine 
which has a tender, the weight of the tender (from 10 to 15 tons) is to be 
added to that of the wagons and their load. 

I'assengcrs without luggage may be estimated at about 15 or IG to the 
tun, and with luggage, about 10 to the ton (but this last is an uncertain 
estimate), In a passenger train the gross loaxl may l?e roughly estimated 
at about three times the net load, with carriages suited for high speeds, 
wx'igliiiig when empty 5 or C tons for a carriage capable of carrying 20 
or 30 passengers. In light carriages on horse-worked railways the gross 
loud need not exceed double the net load. 

233. Locomotives .—Tlie engines used to draw carriages on railways are 
generally known as locomotives. Tliey are of various sizes and powor, but 
the general principles of construction arc tlie same and they differ only in 
details. It would be out of place here to do more than give a brief descrip¬ 
tion of their constrnction and working; for further information the student 
is referred to the many excellent treatises on the Steam Engine now 
available. 

Locomotives have six or eight wheels; the two large ones, whidh are \ 
directly acted upon by the piston rods, are termed the driviitg wh^ls^ and ; 
are from 5 to 8 feet in diameter. 

Most engines have a pair of driving wheels in the centre, between two 
pairs of smaller wheels, 3 or 4 feet diameter, or two pairs of driving 
wheels placed together eitlicr before or behind the smaller pair. ItYHieu 
extra power is required, as in goods engines, the driving wheels arc coup^ 
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Ud together, by cmpling-hars, by which the action of the piston-rods is 
more directly transferred to the second pmr of wheels. 

Power in a locomotiye is obtained by using steam of a higher pressure; 
Spetd by using a greater quantity of steam within a given time; for each 
of these arrangements, therefore, a difference in the details of construction 
is required. 

The fuel used in England is now generally coal. Coke, though giving 
out more heat with less bulk, is apt to injure the boiler tubes by its hard 
particles being driven into them, and the extra heat does not compensate 
for the extra cost of coking the coal. Coal is also used in Bengal; but 
in the N. W. Provinces and the Punjab, and elsewhere, where coal is not 
available, wood has to be employed instead ; this also necessitates certain 
changes in the construction of the locomotive. 

333. Longitudinally the locomotive is divided into three parts; the 
fire loxy which is behind, and in which the furnace is situated; the hoUer 
in the centre, where the steam is generated; the smoke hoz in front, in or 
outside of which are the cylinders by which the steam is used to drive the 
pistons and connecting rods to give motion to the driving wheels. Above 
the smoke box is the funnel through which the smoke escapes and in which 
is the blast pipe, by which rapidity in combustion of the fuel and production 
of steam is secured. 

The size of tiie firebars or grating must be adapted to the description of 
fuel used, whether wood or coal, and whether slow or fast burning. 

Through the boiler, which occupies the principal mass of tlie engine, 
run a great number of small brass tubes, and through tliein the flame and 
heated air pass from the fire-box to the chimney. The tubes are about 
6 feet long, 2 inches in diameter, and from 90 to 120 in number. They 
have been made 300 in number, and l-^ inches in diameter. By this 
contrivance, and by surrounding the fire-box with a double casing, con¬ 
taining water, all the heat is absorbed by the water before it reaches the 
chimney. 

The introduction of the tubular boiler tripled the evaporating power 
of the engine, and caused a saving of 40 per cent, of the fuel. But 
the abstraction of all the heat from the air, destroyed the draught of 
the chimney, and therefore the activity of the fire. This evil seemed 
insurmountable, in spite of the use of fanners, till George Stephenson 
used the waste steam, which passed from the cylinder after working the 
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engine, to create an artificial draught, by discharging it into the chimney, 
through the blast pipe. This steam blast has been termed tiie life-bloodl 
of the locomotive. 

On the evaporative power of the boiler or the superficial area which can 
be at one time exposed to the heat, depends the speed of the engine. 

The cylinders may be in or outside the smoke box, and in a horizontal 
or oblique position. I3y placing them inside heat is economized, as none 
of their steam is condensed by the cold atmosphere. In this position, be¬ 
sides being nearer tlie centre of resistance, they act with a less injurious 
strain; although, two pistons being necessary to pass the “ dead-points” of 
the crank, their action is unvoidably unequal on each side in turn. But 
tliis arrangement gives less room for the machinery, and renders necessary 
a double-cranked axle, which is consequently much w'eakened, though cut 
from a solid mass of iron. Both the outside and inside arrangements have 
their advocates. The length of stroke of the piston, and diameter of the 
cylinder, bear a certain proportion to the evaporative power of the boiler, 
as the one should use the steam as fast as the other makes it. On these 


tljree dimensions depend the power and speed of the engine. 

The connecting rods arc either connected directly with the driving wheel 
if the cylinders are outsi<le, or when they are inside they are connected 
with the cranked axle on which the driving wheels are keyed. 

The feed pumps for the boiler are close to the cylinders, and are con¬ 
nected by a suction pipe with the tender in rear. 

Behind, within easy reach of the engine driver, is the handle of the 
regulator by which steam is turned on or off, through the steam pipe; a 



lever at the side, by which as it acts on the eccentrics, tlio engine can be 
made to go forwards or backwards; a steam whistle by which signals or 
warning can be given; and a smaller lever, close to the eccentric lever, 
by which the communication between the feed pumps and the tender can 
be cut off or put on. 


The tender conveys fuel and water for the engine and is immediately | 
behind it. By a lever the break can be worked when a stoppage is neces¬ 


sary. 


In what are called tank engmes, tlic engine and tender are in one; they , 
are used for short journeys, but are objectionable generally as bringing 
greater weight in a shorter length upon the rails. 

234i The American locomotives, which are very similar to those used 
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in this countr 7 , are of two kinds, which are universally adopted in the 
United States. 

The passenger-locomotive has eight wheels, of which four in front are 
placed in a moveable frame, called a “ bogie” or “ truck," which swivels 
on a central pivot, and adapts itself to the curves of the lines; the four 
wheels behind are the “drivers;” they are larger than the front wheels, 
and of equal size and coupled. "J'he cylinders arc placed outside, just over 
the truck, horizontally. A “ cab” t)r “house” is placed upon the hinder 
part of the machine, behind the boiler, for the protection of the engine- 
driver and the stoker from the weather, witli ample glazed opening, to 
afford a clear view aliead. The chimney or “ stalk ” is in form externally 
like an inverted cone, expanding upwanls; internally, it is cylindrical, and 
the space between the outer and inner chimneys forms a reservoir for cinders 
and ashes thrown up through the inner chimuey, which are deflected by a 
baffle-plate at the top, and thrown over into the reservoir, trap, or “ spark- 
catcher.” This contrivance is specially designed for the use of wood as 
fuel, and to jircvcnt the risk of conflagration arising from the numerous 
sparks which would otherwise be discharged in passing through forests and 
other ignitablc districts. As a further precaution for the prevention of 
sparks, the top of Uie stalk is covered wdth a fine wire-net. The steam- 
whistle is situated above the boiler for ordinary use ; and the bell is hung 
near to the cab, with ropes within reach of the engiueman. The bell is 
used in passing thi’ough the streets. The cow-catcher is hung in front of 
the engine, to ward off stray cattle, &c., and the American flag is hung be¬ 
hind it. The tender is carried on eight wheels, disposed under two trucks, 
fore and aft, to facilitate the turning of the tender on the curves. The 
goods-locomotive is placed on ten wheels, of which six are coupled, to 
supply driving-power, and the leading four wheels are hung in a swivel¬ 
ling truck. 

335. An ordinaiy' passenger-locomotive of the present time weighs 19 
to 23 tons, and occasionally as much as 27 tons, which is excessive. A 
goods-locomotive of the most powerful stamp weighs 27 to 32 tons, dis¬ 
tributed on six-coupled wheels. Tenders weigh from 10 to 15 tons, with 
fuel and water supply. Tank-locomotives, or such as are constructed to 
carry their supply of fuel and water in reseive, without the aid of a tender, 
weigh a few tons heavier than the same engine if fitted with a tender. 
But tank-locomotives are usually made of small size, to work light, branch 
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traffic, and weigh lighter in consequence than most other engines—from 12 
to 20 tons gross. 

Passenger-locomotives are commonly made with cylinders 15 or 16 
inches in diameter, with a stroke of 20 to 24 inches, and driving-wheels 
varying from 5^ to 7 feet diameter, according to the duty for which the 
engine is made; for high-speed express trains the larger wheel is used. 
The cost of a modern passenger-locomotive and tender is abont £2,300. 

Ordinary goods-Iocomotives have cylinders 16 inches diameter, and 24 
inches stroke, witli 5 feet wheels. Tliey cost about £2,800, with tender. 

The fire-grates arc 3 feet to 4 feet in length, and about 3 feet G inches 
wide; and the boilers contain 150 to 230 small fluo-tubes, about 2 inches 
in diameter, and 10 to 11 feet in length. 

330. The following was the Chief Engineer’s specification for the loco¬ 
motives to be used on the Punjab railway:—The locomotives sent out 
should be adapted for burning wood. They should be light also, which 
tends to decrease the wear of permanent way. This involves engines of 
b'ss ])Ower than those now generally made in England; but our line is so 
level that such powerful engiiies arc not required. Forty locomotives will 
work the line. Twenty 6-whccl engines, leading and trailing wheels 3 feet 
6 inches diameter, driving wheels 6 feet, 12-inch cylinders and 20-inch 
stroke, weight not exceeding 20 tons; and twenty C-wheel engines, leading 
wheels 3 feet 6 inches diameter, driving and trailing wheels 5 feet diame¬ 
ter, coupled, 14-inch cylinder, and 20-iuch stroke, weight of engine not 
exceeding 22 tons, in both cases, exclusive of tender, w'hicb should carry 
1,200 gallons, on six wheels, 3 feet 6 inches diameter; each engine and 
tender to be provided with a light frame or roof covered witli painted canvas 
carried on uprights from the engine frame and tender, resiwctively, the 
tender roof l)eing higher than the engine roof, so as to work perfectly 
clear and to lap over each other 9 inches. 

Every portion or part of each engine and tender in each set of twenty 
to be made from one template, so tliat any piece of an engine shall fit and 
be applicable to perform the same duty for any other of the set. 

337. The spted of an engine depends, as said before, on tlie rapidity 
with which its boiler can generate steam. One cylinder full of steam is 
required for each stroke of each of the pistons. Each double stroke cor¬ 
responds to one revolution of the driving-wheels and to the propulsion of 
the engine through a space equal to their circumference. Wheels 7 feet 
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in diameter pass over 22 feet in each complete revolution. To produce a 
speed of sixty miles per hour, they must revolve exactly 2g^0 times in a 
minute; and to effect this number of revolutions each piston must make 
double that number of strokes in the same time. 

Work to he done by a locmnoUve .—We have already investigated the re¬ 
sistance to be overcome in a train whether on the level or an incline. But 
besides drawing the train, the locomotive engine has to overcome the 
resistance of its own wheels and axles, and of its own mechanism; and 
this being added to the resistance of the tender and train, gives the gross 
resistance of the engine, tender, and train. Various rules have been pro¬ 
posed and tried for computing the additional resistance for the engine. 

The following rule is founded on the principal that the resistance of the 
engine consists of two parts; the first, being the resistance of the engine 
as a carriage, is the same with that of a train of the same weight; the 
second being the resistance caused by the strain on the mechanism, bears a 
certain proportion to the whole resistmice of the engine and train, whether 
arising from friction, concussion, or gravity; and that proportion appears 
to bo about one-third. This is expressed by the following formula for the 
gross resistance K in lbs., of an engine whose weight is E tons, drawing a 
tender and train whose gross weight is T tons, at the speed of V miles an 
hour, up a gradient whose sine of inclination is i, 

B = (T + E) . I a + ^'4- 2987 i V 

in which the first and second co-efficients are those due to friction, concus¬ 
sion, and velocity, and the third expression shows the resistance caused by 
the incline. 

For a descending gradient, each term in i is to be subtracted instead of 
added. 

The energy exerted by the engine per minute, in foot pounds, is the 
product of the effort or gross resistance in pounds and speed in feet per 
minute; that is to say, 

88 VR; 

(one mile an hour being 88 feet per minute). The indicated horse-power is 

88 VR __ VR \ 

33000 ~ 375 

Let A be the area of each of the two pistons of the engine, in square 
inches; p, the mean effective pressursy in fts. on the square inch; c, the cir- 
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cumferenco of the driving wheel'a, in feet; I, the length of stroke of the 
pistons, also in feet; then 

2pA = ^ ; and 

fR 

P — 4«A’ 

The mean upeed of the pistons is 176 ^ V -He, 

The mean effective pressure of steam in the cylinder is regulated by the 
effort required to overcome the resistance, as shown by the formulae and 
palculations just given. The pressure of the steam in the boiler exceeds 
the mean effective prcs.sui„ in the cylinder in a proportion depending on 
the extent to which tlio steam is worked expansively, and various other 
circumstances. It usually ranges in practice from 80 fcs. to 140 lbs. per 
square inch above the atmospheric pressure. In some cases engines have 
been worked at a pressure of 200 lbs. per square inch. The moat common 
pressures at present are from 100 to 120 lbs. 

Tlie iractwe farce of a locomotive must evidently be at least equal to the 
sum of the gross resistances found as above. This force however is in 
general limited, not by the power which the engine is capable of exerting 
—for that is almost always more than sufficient to draw any load that it 
ever has to convey—but by the uJliesion," as it is called, or force which 
prevents the driving-wheels from slipping on the rails. 

The adhesion is equal to tlje weight which rests on the driving wheels, 
multiplied by a co-efficient which depends on the condition of the surface of 
the rails; being greatest when they are clean and dry, and least when they 
are wet and greasy, or covered Avith i<!e. 

On an average, the adlicsion of a locomotive engine may he estimated at 
abont one-scceuth of the load on the driving Avhcels ; for by sprinkling sand 
r,lie rails when they arc slimy, or if tlicy are icy, directing jete of steam 
on them, it may in general be prevented from falling below that amount. 

In order that the rails may be able to hear tiic load on the driving wheels 
without damage, it is considered advisable that the load on each tvheel should 
not in ordinary cases e.xcced 5 tons = 11,200 fi)s. According to this rule 
the limits of load on the driving Avheels, and of tractive force, are— 





1.00(3 on 

Driving Wheels. 

Adhe¬ 

sion. 

(1.) For engines with one pair of driving wheels. 

10 tons = 

22,400 

3,200 

(2.) 

ft 

two pairs of driving wheels, coapled. 

SO „ 

44,800 

6,400 

(3.) 

ft 

three pairs of driving wheels, coapled, 

30 „ 

67,200 

9,600 

(*■) 

tt 

four pairs of driving wheels, coupled, 

40 

89,600 12,800 
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Evidently the available tractive force of a locomotive engine in ascending 
a given inclined plane (which, as above said, must be at least equal to the 
resistance of the heaviest train that it has to draw), is to be found by sub¬ 
tracting from the adhesion that component of the weight of the engine 
which acts as a resistance to its ascent', that is to say, 

If E denote the total weight of the engine; 

q E, that part of the weight which rests on tlie driving wheels; 
i, the sine of the inclination of the railway; 

P, the available tractive force; then 

The following example of the use of the above formulte is worked out 
from one given by Rankine. 

Let woipht of ti'fim =: 104 tons i . m . 
weight of tender = 10 tons i * * — ^ • 

weight of engine = E = 20 tons, 
velocity per hour =: V *= 24 miles. 

Ascending gradient = 1 in 133'3 i = '0075. 

Then R = (114 + 20 ) [ 8 + g®- + 2987 ^ -OOTo ) 

= 4,502 lbs. 

On a level * would disappear, and R would equal l,rj01 lbs., showing 
that the resistance caused by the ascent of the gradient is three times that 
on the level. 

If the engines have one pair of driving wheels, then the available trac¬ 
tive force = P = — '0075) 20 tons. 

= 28G2 lbs., 

showing that the engine would not be powerful enough to draw the train 
up the incline. 

If on a level, P z=: X 20 tons = 8200 lbs., i. e., the whole tractive 

force is available, and this would be ample, the resistance on the level be¬ 
ing only 1501 lbs.* 

* If wo work out this same example by the formula given at p. 329, and take 80 square feet as tbo 
frontage of the train, we get— 

Beeistonoe of train and tender on level ss 1711 lbs., and of the engine = 414 lbs. Total 3,13.^ lbs., 
134 

to which must bo added y = 1 ton for the additional resistance caused by the incline; form¬ 
ing a total resistance on the inditie of 436S lbs., a result which agrees very closely with the former 
ailonlatios, though the leiiitance on the level differs couBidcrably. 
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Circumference of driving wheel = 20 feet. 

Stroke of pistons, - - - s 2 „ 

Area of each,- - - - = 200 square inches. /,. . „ *• 

On the incline, mean eftectirc per square inch = /> = fiO lbs. 

Mean speed of piston.s = 422 feet per minute. 

Indicated horse-pow'er = 288. 

But, as shown above, the power of the engine being limited by tlic 
adhesion would not siilfice to draw the train up the incline, even witli an 
increased pressure of steam. 

338, The conmwpfl ^ of fuel hy locomotive engines per indicated 
horsepower per hour, may be estimated as ranging from 3 to 5 lbs., and 

the evaporation from 7 to 0 Il)s. per lb. of fuel. The whole area of heating 

surface in ordinary engines varies from 800 to 2,000 square Tcct; and the 
area of heating surface for each lb. of fuel burned per hour, varies from 
about hixlf a square foot to square feet, and is on an average about one 
square foot, ~ ■ 

The action of tlio blast-pipe gives to tlie locomotive engine the power 
of adapting its consumption of fuel to the work which it has to perform, 
'vithiu certain limits, llciico the rapid consumption of fuel hy heavy and 
pt)W''rful engines, in ascending steep inclined planes, is to a great extent 
compensated by the saving which takes place in descending. 

The number of miles run per amiuni varies very much with circum¬ 
stances. An engine, when on duty, may perform a duty averaging 120 
train miles per day, amounting to upwards of 37,000 miles per aiumra, 
excluding Sunday a. But us a ])ortiou of the stock is alway.s under repair, 
and a portion in reserve, it is safe to allow hO j>cr cent, of the total number 
a.s oir duty, leaving 50 j)er cent, at work, which would reduce the average 
performance per engine of the whole stock to 18,000 or 20,000 miles per 
aniuini. The cireurastaucos of many lines do uot admit of such a high 
average mileage; and the gross average mileage run by each locomotive, 
passenger and goods, may ho hikcn nt 1G,000 train miles per annum. 

Besides the train-miles run by engines, which arc in fact the only 
performance recognised from a commercial point of view, they run many 
miles unavoidably “empty”—that is, without a train; the proportion of 
the empty or unprofitable mileage being dependent on the exigencies of 
the traffic and the nature of the line. A line with locally heavy gradients 
must have “ assistant ” or “ pilot ” engines in readiness to assist the trains 
up the inclines, wluch usually have to return empty to the depot; and in 
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cases of special trains, empty engines are ran to or from the train, before 
or after duty, according to the situation of the engine-depot, as the cose 
may happen. 

There is another duty, of a passive description, which is imposed on 
engines—to stand “ in steam,” or with the steam up and the fire in good 
order, in readiness to act when required- Assistatit engines necessarily 
stand thns many hours a day while on duty, and there is a certain con¬ 
sumption of fuel incurred in so maintaining the steam. Some railway 
companies therefore, for the purpose of placing the whole duty of the 
locomotive department on record, register the whole time of engines being 
in steam, also the empty mileage run, besides the time on active duty and 
the train-miles run. 



CHAPTER XEIII. 


STATIONS, 

339. A very imp< ) i: nt part of the establishment of a railway con¬ 
sists in the erection of the interm<*diate and the end stations. The result 
of past experience seems to prove that it is by no means advisable to 
construct these buildings, at the first opening of a line, in a costly or 
a permanent manner; hut rather that the true policy of a railway company 
is to purchase at once all the land that may be required, and only to erect 
the permanent buildings when the traffic has had time to develope itself. 
As a general rule, it would seem to be necessary to purchase an addition¬ 
al quantity of ground, beyond that which is required for the roadway, of 
about eight acres for a first-class intermediate station; and of about four 
Bcv'jb for a second-class one; the terminal passenger station for a first- 
class railway will require an area of about 4 to C acres; whilst the goods 
station of such a line will require about 25 or 40 acres, and the repairing 
shops, carriage depots, engine houses, cuke ovens, may require at least 
12 acres. It may be added that in a large passenger station at a ter¬ 
minus, as many as forty people are constantly employed; and in a largo 
terminal goods station tiiere are often as many as 140; on a first-class in¬ 
termediate station there are usually about ten people employed, and on a 
second-class station only about four. It has been found that the average 
length of sidings for turn-outs and goods stations, on lines with a large 
traffic, is not less than from 12 to 15 per cent, of the whole length’of the 
through way; and the expense of the station buildings has been found 
to be not less than £2000 per mile lineal of the distance between the ter¬ 
mini, when no very costly or monumental buildings have been attempted^ 
In all cases tJio embarkation and landing of passengers should he effected 
under cover, and the same remark of course would apply to goods; the 
passenger platforms should be finished at the level of the floors of the 
carriages. 

The several points for consideration in the design and arrangement of 
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railway stations are too various to admit of any minute classification. In 
their general features only can any resemblance be recognised, or any 
rules made applicable. And yet in this department, much depends on the 
Engineer's Judgment, as much of the economical working of the line will 
depend upon his judicious choice and arrangement of the stations, and 
their several adjuncts. The nature and magnitude of the traffic likely to 
occur, and the peculiarities of site and locality for the intended station, 
involve the main considerations, and must determine most of the details 
required. 

The site will be determined by the contiguity of the town or place to he 
accommodated, cost of land, &c.; and, besides these, the question of rela¬ 
tive levels arises, and deserves most especial regard. Indeed, the commer¬ 
cial value of the stations may be said to be made or marred by the facility 
or the difficulty of communicating with the adjoining tlioroughfarcs. Whe¬ 
ther the station be above or below the neighbouring level, a similar amount 
of expense and trouble will be incurred in transferring the luggage, and 
of inconvenience in transferring the passenger traffic. In some cases, as 
where a railway is permitted to approach a town only upon a viaduct, this 
great difficulty is necessarily encountered, and must be provided for by the 
best expedients which are available. 

If the level of the rails be only about 4 feet above that of the approach 
road, the difference is readily made up by steps for the passengers, while it 
offers convenience in transferring the luggage from the platfonn direct into 
carts and wagons. A few additional feet beyond this may be accommo¬ 
dated by extra steps, and by employing “ shoots ” or troughs inclined 
from the one level to the other; but if the merchandise usually carried be 
of a bulky and weighty character, the goods deportment is preferably 
removed to such a distance that an ascending a})proach road may be 
foru'.eS. Any difference of levels may be accommodated by this expedient, 
provided such a length of road can be obtained as wiU allow the ascent by 
an easy gradient: but as the goods department is in such cases necessarily 
Removed further from the town, and from the passenger department, other 
inconveniences arise which it is very desirable to obviate. Where such 
approaches caunot be had, and the entire difference of level must be pro¬ 
vided for in a very limited space, it becomes necessary to adopt mechanical 
means for raising and lowering the goods, and to provide stairs or steps 
for the passengers. 
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240 . The tenninus of a long line of railway comprises complete 
arrangements for carrying on a large passenger and goods traffic; and in 
its immediate vicinity it is necessary to provide means of repairing, and 
perhaps of constructing the locomotive engines, besides proper places for 
containing them, and arangements for supplying the requisite fuel and 
water. 

The Station Plot will therefore generally contain, as separate buildings, 
the Passenger station. Goods warehouse, Workshops, and CaKriage and 
Ijocomotivo sheds. Tlu- ’atter should be at some distance from the other 
building.?, to avoid, as far as po.ssible the annoyance of the noise, steam, 
and smell, which necessarily pervade the engine-house, and also the dan¬ 
ger of communication in case of fire. 

nu; Passenger station will contain waiting-rooms for passengers, se¬ 
parating the first from the second, and other classes, separate conveniences 
for e.ach sex, booking offices, store-rooms for lamps, oil, grease, &c., rooms 
for clerks, &c., and also suitable apartments for refreshments. The Mana¬ 
ger’s, Engineer’s, and edher offices may also conveniently be arranged in 
ihe same building. If these various rooms be arranged on two sides of 
the main building, the intermediate space will conveniently contain the 
arrival and departure £)latforms, and should be roofed over with a wooden 
or iron roof, lighted from above, or as is now very general, by a roof of iron 
and glass. The platforms arc 10 to 15 feet wide, covered with stone, brick, 
or asphalte, and about 2 feet 5 inches above the level of the rails, by which 
facility ia given for entering and leaving the carriages, and also for loading 
railway trucks with carnages, horses, cattle, sheep, goods, &c. Several 
examples of iron roofing applicable to stations are illustrated and described 
in the quarto volumes of the Professional Papers of the Corps of Eoyal 
Engineers. 

On approaching the station, two lines of rails diverge from each other, 
so as to bring them close agfunst the platforms, one of which serves as the 
departure platform, having booliing offices, &c., contiguous to it, and the 
other as the arrival platform, in the immediate vicinity of which the re¬ 
freshment rooms are suitably situated. The space between the two lines 
of rails must be wide enough for three or more spare lines of rails, to hold 
carriages of all classes, horse-boxes, carriage-trucks, &c. Access from 
the main lines to these spare lines is obtained by one, two, or more rows 
of torn tables, one of which should bo placed across each of the extreme 
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ends of the station, and another intermediate, so that first, second, or third 
class carriages may be conveniently introdneed at any part of the train. 
Switches may also be laid connecting tliese spare lines witli the main lines, 
but they should be of such a kind that the tongues may be wholly removed, 
except when in use, otherwise the arriving trains will run against the 
points. The supports for the roof, whether of iron or brick, may be fixed 
in rows between the spare lines of rails. 

The Goods warehouses, if adjoining the station, should be kept back 
from the line formed by the other buildings, so as to allow one or more 
spare lines between the warehouse and the main line. If this cannot be 
done, the tum^lates must be fixed upon the main line, which is found 
objectionable, ns they arc tl>us exposed to a constant and most destructive 
kind of wear. 


341 , The following rules as to station accomodation have been laid 
down for the Jubbulpore Line, now under construction, 


AiV-ommodation to be provided in the passenger building at the main engine ehang~ 


ing station. 

Super. 

fet't. 

Booking office and station master’s room, .. .. .HOO 

Telcgrapli and signaller’s room, .. .. .. .. 8*)0 

1st cJuss w’lilting and refresliinent room, .. .. (500 

lind class ditto, .. .. .. .. .. .. 300 

Ladies’’room (waiting and retiring), .. .. .. J100 

The above to be included in the main building of the passcugcr range. 
3rd class eiitran(;G and general way out, 15 feet wide oacb. 

Luggage ■weighing rf)om,.. .. .. ., .. .300 

(fentlemcn’s washing and retiring room, .. .. 300 

Lamp room, &c.,. 300 

Stores, &c.,. 300 


The above to be placed in the wings of the passenger range. 

One platform in the nuiiii engine-changing station to be 20 feet wide, with a 
covering roof over it and tlie adjoining road, ,36 feet 3 inches span in the clear. This 
roof to bo carried on a clerestory, raised above the roof of the passenger range for 
fre3 ventilation and escape of smoke, and to coasist of an iron frame-work witli snch 
suitable covering (not exceeding 40 lbs. weight per square foot) as may he ha'caftcr 
decided upon. 

The roof over the platform to extend the whole length of the main station build¬ 
ing and wings, about 200 feet. The opposite platform will also be 20 feet wide bat 
will not be roofed over in the first instance, nor will the supporting walls of the 
shed be built. 

Third Class Stations. 


Super. 

f«!t. 

Booking office and station master’s room, .. .. 300 

Telegraph office and signaller’s room,. 800 

The above to form the body of tlie building. 










STATIONS. 


273 


Super. 

fCct. 

3rd class entrance and funeral way out, 13 feet wide each. 


Ketirin^r rooms, .. .. ... 300 

Lamps and stores, .. .. .. .. .. .. 300 


Both tlic up and down platrorm to he 80 feet in width ; a verandah 15 feet in 
outside width to extend on one platform the length of the passenger range, and a 
waiting-shed to be provided on the opposite platform covering an area of 600 
square feet. 

In changing stations sufficient widtli between up and down plntfom walls must 
he given to admit of four roods and two walls to carry the platform shed roof. 

In third class stations, sutlicient AVidth between np and down platforms to bo given 
for two rojuls. 

A chnliootre and well and latrine to be provided at cvciy station for the 
necommodation of third class passengers. 

Tiie roof of .station Imildings to be cairicd on stone or brick arched ribs, or wrought- 
iroii girders, as may in each ease he most economical. The covci'ing to he of the most 
Huitnldc hn-al material. 

Tlic nj) and dowm ]>latrorms to ho hnilt each 600 feet long in the first instance, 
leaving space for their extension to 1,000 feet hereafter if necessary, 

Slnndard DimrnsioHg. 

Ft. In. 

The gauge to he, 5 6 

Ordiiiiirv width «f rail to he reckoned at, .. .,0 3 

Minimum clear width between the tiiuiks in all sta¬ 
tions, .. .. .. .. .. .. ..8 0 

Minimum dear wddth between the tracks on the line, 6 0 

(Hear distance of platform wall from rail, .. ..2 6 

Pnijcction of nosing of jdatforni, .. .. ..0 3 

Height of passenger platform above rail level, ..2 9 

Height of good’s [ liitform above rail level, ..4 0 

Minimum dear distance from truck to side of fixed 

structnre on nmning line, .. .. .. .. 4 6 

Minimum dear sjiace between tracks and side of fixed 

structure in stations, exccjding platform walls, ..6 G 

Minimum clear height for all over-openings above rails 

in centre of cadi line,.. .. .. .. ..14 6 

Minimnm clear height for all over-openings above rail 
level, at a point 4 feet 3 inches measured horiaon- 
tally from centre of each line outwards, to bo, ..13 0 

The angle at the .sides of all over-openings as formed by the tangents thus fixed 
may be rounded off by a enrve of ,3 feet 3 indies radius. 

Goods’ loading gauge for interehauge of traffic to be settled to pattern. 

Breadth from centre to centre of buifers,.. .. C 5 

Height of centtc of buffer above rail for all rolling-stock 
to be hereafter constructed. 


VOL. II. 


3 6 
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Pa$$enger Carriages. 

n. In. 

Extreme width of body,.‘*.8 G 

—In the drawing this is 10 feet G inches of roof,.. 8 10 

Ditto ditto of steps, *, 10 0 

Length between, centres of wheels. 

CarriogcB atid wagons, maximum, .. .. ..11 0 

Minimum diameter of turn-tables, .15 0 

The engine and tender to turn on tarn-tables of dia¬ 
meter of .. .. .40 0 


All carriages and wagons to hare spring-bulFers and draw-springs at both ends. 

g43, A plan is given of the Umritsur Passenger Station on tl\,e Punjab 
Eailway. The material employed for the building is brick throngliout ; the- 
outer surface being carefully dressed witli very close joints. The roofe a^ * 
of pucka terras on trusses of low pitch, except, those over the platforms, 
which are to bo of galvanized corrugated iron. The floors are all of brick- 
on-edge, set very close, and dressed smooth. The timber employed every¬ 
where is deodar, from the forests of the I*unjab Himalayas .—{Professional 
Papers, No. 3.) 

343. A view is also given of tlic Calcutta Terminus of the Eastern 
Bengal Eailway, of which the following is a description:— 

The building is in an Italian style of Oriental architecture, and is on a very cx- 
tenshx scale. 

The two platforms ore each above a 1000 feet in length and 27 feet wide. Three 
light wTOUghtriron roofs, each G15 feet in length, cover eight lines of rails. These 
roofs are painted internally light blue and white, and produce a very pretty effect. 
The span of each roof is about 53 feet. 

The office accommodation for the Executive Staff is made very complete, and the 
waiting ball is of the following loi’ge dimensions, viz., length, 200 feet; width, 40 feet; 
height, 40 feet. The roofs over all the offices arc flat and formed of wrought-iron gir¬ 
ders and brick arches, which hare a span of 13 feet; the bricks arc 6 inches deep. 

The upper parts of the roofs arc covered with the ordinary khoa rooflng, composed 
of broken brick, mixed with Sylhet lime, deposited in several layers, with plenty of 
water, the finest layers being placed uppermost, and the whole well beaten in the 
usual way. 

' The method by which the great waiting hall jis lighted and ventilated is original. 
The chief light is obtained from a considerable elevation immediately above a lower 
corridor. It is admitted firstly through a series of arches pierced in the onto' and in¬ 
ner walls of an upper arcade, which is built over the lower corridor. This atrange- 
ment obviates the necessity of using windows of any kind, since, during the rainy 
season, the water falls only in the upper arcade; but in cases of violent storms, when 
the rain beats at a very acute angle, “ purdahs ’* or canvas screens are provided, which 
can be let down at pleasure. 
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Tlie following is a description of the Khooshtea station on the same 
line:— 

Khooshtea is the terminal station of the iii'st section of the Eastern Bengal Bailway. 
It is situated on the south or right hank of the river Ganges, on a large open plain. 

The station has two platforms, each 600 feet long and 19 feet wide, between which 
arc four lines of rails. 

The departure platform and two lines of rails arc covered for a length of 300 feet, 
with a light and elegant iron roof, 47 feet span. 

It is intended shortly to cover the arrival platform and remaining lines. In the 
centre of ttic building is a large waiting hall or booking-ofHce, measuring 85 feet by 
24 and 27 feet in height; it is approached under a good carriage porch. (Jn either 
side arc the respective rooms for the convenience of passengers and the executive 
staff, some of w'hich are set apart as quarters for the station master. 

The elevation of the whole has an imposing appearance, as the details are on a large 
scale. It has been desipnied in tlic sim]>le Italian style, with numerous arches of the 
saine cliarectcr as that which has been adopted throughout the line. 

Then! is a locomotive shed here for six engines, with the necessary coaling and 
watering appliances, and a very large goo<is-yard, with nnmerons sidings running to 
tlic river, and lines for a short distance parallel to the river bank, used for loading 
and unloading goods under a shed. 

In Plate XV. is shown one of the 3rd class stations on the E. I. 
Railway. 

3-44. Watenng T<ndfi .—At certain stations, tanks are required from 
which the tenders may take in water for the engine. The distance that an 
engine can go without water will depend of course upon the w'ork that it 
has to perfonu—perhaps 40 miles may be assumed as an average. The 
tanks arc built in convenient places close to the station siding, and are 
provided with a syphon and hose for filling the tenders. 

On the E. I. Railway, wells and bullock runs are employed, with an 
ordinary chursa, as shown in the figure; or a Persian wheel may be em¬ 
ployed for the same purpose. 

Gradient Boards are put up at the various changes of inclination, which 
are marked on both sides, as a guide to the engine driver to regulate the 
pressure of his steam according to the work to he done. 

Signals will be treated of under the head of Tuafkio. 


S45. The following returns are required by the Board ot Trade, to be 
furnished previous to the opening of a new railway in England, and will be 
found generally useful. 

I, A copy of the rarliamcotary Flan and Section, with any deviation which in 
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the constnictioa may have been mailc from either, marked thereon in red ; the correc¬ 
tions in the distances, levels, inclinations, sections of (rronnd, and radii of carves, ren¬ 
dered necessary by such delations, being also marked in red, as well as the positions 
of the several Stations. The width of Cuttings and Embankments on each side of 
the railway also to be marked on the Plan. 


n. 

III. 

IV. 
V. 


VI. 


VII. 

VIIL 

IX. 


A table of Gradients and Level por-" 
tions. 


A table of Carves and Straight por¬ 
tions. 

A table of Cuttings and Embankments. 

A tabic of the Bridges for roads crossed 
by the Railway. 

A table of the Bridges and Viaducts 
over Water-courses and Valleys. 

A table of Ijevcl Crossiuga 

A table of Tunnels. 


I According to printed fonns, 
observbig tliat tlic situations of 
works, &c., should be. descrilHJd 
iit each by reference to the same 
fixed ]mint; and that it will l>e 
.>eouvcnient if the Station nearest 
to the Mctrojinlis for a main 
line—and tlic jnnetion with the 
main lino for a bran<‘Ii Rail¬ 
way—^be adopted as such point 
of reference; 


A table of Aqueducts and large Cal 
verte. 


X. A statement affording detailed information under fbe following heads:— 

1ft. Perminent way. —^Whether the line be double througlmut, or ]>ai’tl 3 ' double 
and i)artly single, or single throughout with sidings ; the distances from the fixed 
point adoptetl in the tables, at which the single portions coinmeucc and terminate— 
or, for a single line, at which the sidings coimnence and Icrmiuutc—should be stated ; 
whether the land has been pnre,huscd, or wbether any other arrangements have been 
made witli a view to adding an additional line at a future period ; tlic width of the 
liuc at formation level; the gauge ; the width between the lines wbert*. double ; the 
description of rails employed, with a diagram section, their lengtli, and weight per 
yard ; the description and weight of the chairs ; the mode of fixing the cliaii's, and 
securing the rails ; the description of sleojairs, with their smallest, and average, 
scantling and length; their distance asunder if transverse, their arrangement, and 
the details of any transverse supports or tics by which they arc connected if longi¬ 
tudinal ; the nature of the ballast, and its de]>th below the under surface of the 
sleepers ; the description of switches adopted, witli the name of the patentee, if they 
are patented. 

The names of the stations are to be stated, at which engine, tum-tablcs are provided. 

2»fl. Feneef, —Description of fencing adopted on each portion of the line. 

•Srtf. Dminage. —General description of the drainage employed, and if on any 
part of the line it has been attended with peculiar diilicalfy, a detailed description 
should be given. 

Ath. StatioM. —Their names, and their distances from the fixed point, respec¬ 
tively, and the position of each marked upon the Parliamentary Plan. 

5tA. Width of Line. —The minimum space allowed between the sides of the larg 
est carriages in use upon the railway, at the level of their windows, and any fixed 
works, such as bridges, pillars at stations, telegraph posts, sheds, &c., along the line. 

&th. Bridges and Viaducts. —Drawings of all bridges and viaducts, cither over 
or under the railway, in detail, accompanied by sufficient information to allow of 
the probable strength of each being ascertained by calculation. 
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XL Drawing and description of carriages to be used. 

MQMOKANDUM op important SEBIDERATA AT THE STATIONS.—1. PJflt- 
foriiiB to be not less than 6 feet witic, at stations where the traffic is small; and 
the descent ut the ends to be by means of ramps, and not by stei)s. Pillars for the 
support of roofs not to be nearer to the edge of the platforms than G feet. 

2. Clocks to be provided in a ])usitiun where tliey are visible from the lino. 

3. Signals and Distance Signals for each direction to be supjdied. 

4. The levers and handles of Switches and Signals to be placed in the moat con¬ 
venient positions, and to be linnigh' close together, so us to ho under the hand of the 
jterson working them. The switches to be [irovided with doulde connecting rods. 
The level's of the switches to be sufficiently long to enable the ])ointamcii to w(trk 
them without risk or iiicoinenience, and not to be placed between the lines of rails. 

r». No facing jioints, except on single lines, or at jinictions, or in exceptional 
cases. At all junctions, tlic signals should be workeii in connection with the points. 
In other cases a low signal .should be nttacbcil to the points, b) iinlicate to the driver 
of an approacliing train whether tlicy are si't in the jiropcr direction. 

G. Sidings U> bt‘, sii]i]ilicd with locked chock-blocks, and, if they fall towards the 
main line, a lilind .siding to be jirovidcd •, itb tlie ]»oiuts closed against the main lino. 

7. Tuni-tablcs for engines to be erected at terminal .stations, and at junctions and 
otlicr jM^iiits at whicli the engines napiirc to be turned. 

—.Is regards the Liar geaeral/i/. For every Oast-iron Bridge the breaking 
iv(‘i->ljt should be eipial to lime times the iiennnncnt load due to the weight of the 
Mi]icrs1.racturc, addeil to six times tlie greatest moving load that can be brought upon 
it. 

9. P’or ever}' wmught-iron bri<lgc, the greatest weight wliich con be brought 
upon it, added to the weight of the sujierstruitarc, should not produce a greater 
strain on any part of the material than fiee to jicr sijuarc ineli. The heaviest en¬ 
gines in use on railways afford a measure of the greatest moving weights to which 
< he bridges ean be subjected. 

10. The njiper surfaces of wooden ]dutfurms of bridges and viaducts should bo 
protected from fire. 

11. The joints of the rails should he secured liy means of fish-plates, or by some 
other eiiiiiilly secure fastening. 

12. On all cui'ves the chairs should be secured, at least partially, by iron spikes. 
With rails known as contractors’ mils, when there are. no chairs, or with bridge rails, 
it is dcsimhle that fang, or other through bulbs should he used, at least at the joints. 

Kt. No standing work above tlic level of the carriage steps should be nearer to the 
outer edge of the rail than 4 feet. 

14. The intervals hctwTcn adjacent lines of roils or between lines of rails and 
sidings, should be not less than G feet. 

15. When Stations occur on or near a viaduct, a parapet wall on each side, 8 feet 
high, should he built, with a hand-railing or a fence cm the top, sufficient to prevent 
passengers fnim falling over the viaduct in the dark. For the protection of the 
platelayers, viaducts under the railw'ay should he guarded by a handrail. Viaducts (rf 
timber and iron should be provided with mon-boles, and with facilities for inspection. 

16. At all level crossings of turnpike, and of public roods, the gates should be 
capable of being closed across the railway on both sides as well as across the road; 
and a lodge or station-hoime should be pronded. 
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17. The fixed signals attached to tlie gates should be placed at the level crossings 
in convenient positions for being seen along tlie raihvay os well as along the road ; 
and when a level crossing is so situated that an approaching train cannot be seen 
from a sufficient distance, distance signals should he supplied. 

18. At all jnnetions, main sigiuals and distant signals for each line are required; 
and clucks should be placed in a conspicuous positiou for the use of the signalmen. 

19. It is desirable that the signal-handles and levers of the switches at junctions 
should be brought together upon a properly constructed stage. They should be so 
arranged, that a signalman shall be unable to lower a signal for the approach of a 
train until after he has set the points in the proper direction for it to pass ; and Uiat 
it shall not be jwssiblc for him to exhibit at the same moment any signals that can 
lead to a collision between two trains. 

20. Mile-posts and grudient-boards should be provided along the line. 

21. The junctions between the main line and any sidings which lead to ballast pits 
in use, or w'hieh arc employed for colliery or other piuqmus, should be protected by a 
distance signal in each direction. 


'1346. The following arc some details of the Sindh liailway:— 

The distance between Kurrachce and Kotree traversed by the Sind Eailway is 108 
miles 10 chains. Of this distance 32 miles CO chains are level, and the remaining 
75 miles 40 chains are on inclines more or less faA'orablc, 1 in 200 being the ruling 
gradient. 

The total length of straight line being 74 miles 22 chains, tlie length of the line 
on curves is, therefore, 33 miles 68 chains, the sliarjicst curve having a radius of 43 
chains for a distance of 7(i chains. 

The earthworks genex’ally are executed to accommodate a single line of railway; bnt 
all the bridges, culverts, and stoue viaducts arc constructed to carry a double line. 
In the cases of the wrought-iron viaducts, tire stone piers are adapted to support 
girders for a double, way, while those required for a single line alone are erected. 

The Permanent "VVay consists of the ordinary donbic-hended roil, weighing 65 firs, 
per yard, fixed by compressed w'oodcn keys in chairs, each rveighing 22 lbs. The 
joints arc fished in the nsiial way, the fish-plates being secured by four bolts, eadi 1 
inch in diameter. The whole is laid on transr-erse wooden sleepers at intervals of 3 
feet except at the joints, wlrere the sleepers arc only 2 feet apart. The dimensions 
of the sleepers are—length, 10 feet; breadth, 10 inches; depth, 5 inclic.s. A large 
proportion of the sleepers is of red and white pine creosoted, sent from England. 

The remainder are jmrtly of deodar from tlie Punjab forests, and partly of Austra¬ 
lian bine and white gum, and native red cync. These were objectionable, on account 
of their great weight, and the case with w'hich they were split by the driving of the 
spikes. 

To protect the deodar sleepers from the attacks of white-ants, and before the Buiv 
nettising apparatus was received from England, tlicy were steeped in a solution of 
sulphate of copper. This proved to be an unfailing specific ; but it possesses this 
serious objection, that iron nails or spikes driven into timber thus prepared are rapid¬ 
ly destroyed by the action of the sulphuric acid. The result of experience, with 
reference to the important question of sleepers, is that pine sleepers, whether red 
or white, imported from England and creosoted, are liable to split and twist to a 
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prciit extent, probably on account of the extreme ilryness of .the climate. They also 
become very brittle, the nature of the tiinl)cr being destroyed. The creosoting process 
only penetrates a certain distance from the surface of tlic sleeper ; and so long as the 
sleeper does not split, the creosote effectually protects it from the attacks of the ant, 
but immediately a jiart of tlie interior becomes exposed, the out attacks it, and soon 
destroys the uucreosoted core of the sleeper. 

The excellent ballast on the Sindh lluilway, consisting chiefly of broken stone or 
clean gravel, assists in preserving the sleepers from the white ant. 

The ranjority of the Fencing used on Uic Sindh Kailway eonsitts of a dry rubble- 
stone wall, having a coping of stones on edge, set in mortar. Its height is 4 feet 
above the surface of the ground. Its thickness at the bottom, just above the footings, 
is 1 foot lOJ inches, and at the toj) l.'i inches. Its average <w8t w-us lU. per lineal 
yard. Along 15 miles of the line, between Jemeilar-ke-Laiidi and Gnggnr, five- 
strand wire fencing wu.s aduj>tcd on account of the distance of snitulde stone, and the 
necessity for its rapid completion. Its wist wim '2s. Ijjd. per lineal yard. The cost 
of maintenance of the wire-fencing is high, coiniuu-cd with that of the sttmc wall. 

347, Tlie following refers to the (1. I. P. Railway;— 

The fii"st section undertaken liy the Great Indian roninsula Kailway Compafiy 
was tlint from Bomlwiy to Cuiiian, .‘l.'i miles, with a branch to Maliim of 1^ miles ; it 
was called the “ Expcriiiieiital Line.” The jiortion from Bombay to Tannali, a dis- 
tiimi'. of 20 miles, was the first railway opened in India for jmiilie traflic, which event 
t<M>k place on the Kith of April, 18.53. From Bomhay to ('nllian, a double line of 
rails liiia been laid. Ils steeliest gradient is 1 in 150, and the radius of the sliorpcst 
curve is 40 chains, 

The jirineipal works upon the Experimental Line are the crossing of the Sion 
Marsh, which is effected hy an eiribaiikmont; the crossing of the arm of the sea from 
tlie island of Salscttc tti the Coiiean, comprising two viaducts, the length rcspeetively, 
of 111 yanls and 19.3 yards, in tlie latter «if wliich there is an opening for navigation 
of 84 feet, spanned by wrought-iron plate girders ; beyond this, tlierc are two tunnels 
of the respective lengths of 103 yards and 115 yards. The railway is protecited by 
post and rail fences, and jirickly-pcur and caetn.s hedges. The station buildings are 
of masonry. The jiernuinent way is chiefly laid witli transverse wooden sleepers, and 
C miles of it with iron jait-sleepers. The rails, which are of the double T f<WTn, weigh 
84 lbs. per lineal yard, as far as Taniiab ; beyond which jilace, they weigh only 65 
lbs. and 68 lbs. per yard. The lighter rails cxhuid along the whole of the Company’s 
main lines, except the two Ghaut Inclbies, on which arc laid rails of 85 lbs. per yard. 
From Callian diverge,—the .South-Eastern Extension to Poonah and Sholapore, and 
its proposed prolongation to the river Kristna and the Madras Kailway,—and the 
Eorth-Eastem Extension to Nassick and Jiibbulpore, to join the East Indian Kail¬ 
way from Calcutta, by which a communication will also be effected with the North- 
Western Provinces of India. 

S. E. Extension. —Tlie first section of the Sonth-Eostem Extension is from 
Callian to Campoolee, at the foot of the Bhore Ghaut mail-road. It is 37i miles in 
length, of which 30i miles, to the foot of the railway incline, are permanent, the 
remainder having been designed for temporary use, until the Ghaut Incline was opened. 
This portion of the railway has been constructed for a double line, bnt only one toad 
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has been laid. Its ruling gradient is 1 in 115 on the permanent, and 1 in 85 on the 
temporarjT, portion. The radius of its sharpest curve is 40 chains. It contains no 
work of any special character, hut it is remarkable for the extraordinary floods and 
rapid torrents to which it is exposed on both sides. The bridges and culverts arc 
built of rubble masonry, with coursed facework ; and in one or tu’o instances, cast-iron 
girders were made use of. The average cost of this section, exclusive of rolling stock, 
was only £4,500 per mile. » 

Hhdre Ghaut Incline ,—^Four years were spent in preliminary surveys of this 
incline, and in la 3 dng oqt and preparing cross sections, to the number of about two 
thousand, and perhaps the most difficult tliat have ever been taken. 

It is 15 miles 08 chains in length, and tlie total rise is 1,851 feet. Its average 
gradient is 1 in 48. The steepest gradients ore 1 in 37, extending in one length for 1 
mile 10 chains, and 1 in 40 for 5 miles C chains. Short lengths of level gradients and 
of 1 in 330 are introduced into this incline, to facilitate the ascent of the engine. 
The radii of the curves upon it range from 15 chains to 80 chains, and 5 miles 33 
chains are straight. It comprises twenty-five tunnels, of a total length of 3,585 yards. 
The longest is 437 yards; and the longest without a shaft, which is carried through a 
mountain of basalt, is 346 yards. There aiis eight viaducts of a total length of 987 
v-ards. The two largest arc 168 yards long, and resjjectively, 163 feet and 160 feet 
above the foundations. The viaducts arc being built, up to the surface of the ground, 
of solid block-in-conrse masoniy, and above, of block-in-course facework, strongly 
tied through, by header bonds of block-in-course, to the intcrnnl work of sound nib¬ 
ble, and with coursed rubble arches. The contract also comprises a large quantity of 
retaining walls. The total quantity of cutting, chiefly rock, amounts, by enlculation, 
to 1,263, 102 cubic yards. The maximum depth of cutting is 70 fqet, aud the great¬ 
est contents, 76,000 cubic yards of trap rock. The embankments amount to 
1,840,984 cubic yards, tlic maximum height being 74 feet; and greatest contents arc 
209,000 and 263,000 cubic yards. The slopes average about 1 ^ to 1. There are 
twenty-three bridges of various spans, from 7 feet to 30 feet, and sixty eulvcrts from 
2 feet to 6 feet wide. The rails weigh 85 lbs. jier yard, and arc laid with fish-joints, 
with small cast-iron saddles under the joints, resting upon longitudinal planks, the 
ends of which bear upon, and are secured by fang bolts, to transverse wooden sleepers. 
The estimated cost of this incline is £750,000. The upper 2 miles from Kliandalla 
to Jjanowlec, with gradients of 1 in 40 and 1 in 50, were opened on the 14th of June, 
1868, and have since been worked with safety and rcgulai’ity. 

At the eleventh mile, the incline is divided into two hanks, by what is called a 
reversing station. This snb-division, however, was not adopted for the purpose of 
making two banks of the incline, but of increasing the length of the base, in order to 
flatten the gradient and to reach a higher level, where it encountered the great fea¬ 
tures of the Ghaut margin, near Kbondalla. Without the necessary expedient of the 
reversing station, the practicability of changing the direction of the lino would have 
been confined to making curves of small radius ; but with the device of the reversing 
station, the direction was altered at a very acute angle, by means of points and 
crossings. In consequence of its adoption, the incline is prolonged by nearly the 
difference between the length of the two sides of an acute-angled triangle, and that 
of its base. 

Tlic next scctien of the South-Eastern Extension is from Lanowlce, the summit of 
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the Shore Ghant Incline, to Poonah and Sholapore, and is 20151 miles in length. Its 
engineering character is very similar to that of the Concan section. Its ruling 
gradient is 1 in 132, and the radius of its shari^est curve is 40 chains. The cutting^ 
arc in trap rock, mooruin, and soil; and the embankments are chiefly composed 
of soil and moonira. There are twenty-two viaducts three hundred and fifty-nine 
bridges, and four hundred and fifty-four culverts, all built of substantial masoniy. 
The largest works are the viaducts oi'cr the ileema, 441 yards long and CO feet high, 
consisting of twenty-eight segmental arches 40 feet in span, with a flood stream 
46 feet deeji, and reek ftnmdations, the eost of whieh was £24,246 ; and that over 
the river Secna, 100 yards long, C4 feet high, eousisting of twelve segmental arches 
40 feet in span, with a flood stream 41 feet deep, and foundations partly in rock 
and partly on hard elay. The fena'S are drj' rubble walla, ami c!ist-iron posts and 
iron-wire rails. One iH-e.uliarity of this district is the violence and snddenness of 
the floods, which desecinl with setirely an hour’s notice, nnd gather into tonvnts on 
spots upon whieh there is no trace or warning of any stream, in the niieommcnced 
portion of the South-Eastern Extension, from SholaiKtrc to the junction with the 
Madras Line, in the Iluiehore district then* will be two very large viaducts over the 
rivers Ecema and Kristna. Vjxm tlie South Eastern Extension large quantitie.s of 
cfirtoii and country jinslucc are now carried, and it is evident that an immeuac traffic 
must sm)n bo accommodated. The earthwork has been executed for a single line, 
and the viaducts and bri(lg«‘s for a double line, 

jN. E. Extension. — lletuming to (’allian, the fij*st section of the Xorth-Eastern 
Evti-uoion, which there diverges towards Jublmljioiv ami (,'alentta, is from Calliuu to 
Kii-sarah, 26 miles, gradually climbing, by steep gradients, of which a great jxirtion 
ai'e I in loo, tlie flank of a haig inoinituiii spur, whi«-h iirojeets from the Ohant range, 
and divides the valley of the Easta on the south, from the Wyturaee on the north. 
This section is full of heai y work ; but to obtain even such a line, demanded a long 
and minute study of the rugged nnd jungle-covered district. The radius of the 
'barpest curve is 30 ehain.s. It contains .‘520,403 yards of cutting, chiefly traji and 
tinsiiliic rock, nnd 1,3.'53,:JI7 cubic yards of embankment. It eomjirises four viaducts, 
of which the two largest arc res])eetively, 121 yard.s and 143 yanls long, and 127 feet 
and 122 feet high ; forty-fonr bridges from 7 feet to 30 feet iu s]ion, ami one hundred 
anrl .seventeen culverts. Ey ntoniis of this section, S4y feet of the ascent have been 
surmounted to tlie summit of tlie Ghaut, mid thus the altitude to be overcome by the 
Thnl Gbunt Incline is reduced to onlv 072 feet. 

Tlnd (fhant Jurfiitr. —The 'I'lnd Glmut Jneline exleiids from the village of Kns- 
sarah to Egutjioora, nnd is OJ miles in length, having a total asei'iit of 1)72 feet. 
At the end of .‘JJ miles there is .a reversing station, bimilar to that upon the Bhore 
Ghaut rueline, by winch the base was lengthened, the gradient flattened, and the 
incline divided into two banks. The steejiest gr.Tdient is 1 in .‘17, for a length of 4 
miles .30 chains; and the same introtluetioii of ti level portion is adopted he.rc as on 
the Bh6re Ghaut The radius of the curves ranges fi’om 17 chains to 100 chains, 
and 3 miles 28 chains are straight. There are 13 tunnels, of ti total length of 2,652 
yards. The longc.st are, one of 474 } arils, in black basalt, with two shafts, and 
another of 483 yards, without a shaft, in greenstone. There arc six viaducts, of a 
total length of 741 yards, the largest of which arc respectively, 144 and 250 yards 
long, and 83 feet and 182 feet high. The latter is designed for three spans of 
triangular iron girders measuring 150 feet, with n pair of scmi-circulor abutment 
VOJ,. n, 2 o 
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eo'chcs, measuring 40 feet at each end. There are fifteen bridges, of which the span 
Taries from 7 feet to 30 feet, and sixty-two culverts. The cost of the incline will be 
about £450,000. The preliiniimry surveys and studies occupied four years, and the 
works were commenced in October, 1857. 

The next section of the North-Kastem Extension runs from the summit of the Thui 
Ghaut Incline, at lCgatp<.H>m, by Nassick, across the fertile valley of tlio Godaveiy, 
and the Indhadrce range of mountains, along Khandcish to Bhosawul, the point of 
junction with the Oomrawuttce and Nagpore Branch, The chnracter of tliis line is 
very similar to the corresponding section of the South-Eastern Extension, from the 
Bborc Ghaut to Sholaporc, and the nature of the earthwork is miirh the same. The 
principal works upon it are—a viaduct over the Go<iavcr 3 -, 14.5 yards in length, 
consisting of nine arches 40 feet in span, with a flood stream 30 feet deep, and 
foundations upon rock, excavated tlirough sand ; the Kodoo Viaduct, 242 yai’ds in 
length, with fifteen arches 40 feet in span ; tiio Mimnair Viaduct, with five openings 
■panned by triangular iron girders, and two pairs of abutment arches j and the 
Wttugoor Viwluct, with ten <i}*cninga, also spanned by triangular iron girders. The 
section contains twenty viaducts, two hundred and seventy-nine bridges, and four 
hundred and thirty-five culverts. 

The last section of the North-Eastern Extension rnus from Bhosawul to Juhbnl- 
pore. It is 328 miles in length, and was contracted for by Messrs. Duckett and 
Stead, in January', 1850. As the ox>cratioiis arc in a preliminary state, it is only 
nceessary to notice the t\vo very large viaducts over the rivers Taptee and Nerbuddn. 
The Taptoc Viaduct is 875 yards long, consisting of five ojicniugs of 138 feet and four¬ 
teen openings of GO feet, and twenty ar<-hcs 40 feet in span, with a flo<al strewn 70 
feet in depth, and foundations njjon rocks. The Nerbudda Viaduct will he, al>out 387 
yards long, 100 feet high, wnth a flood stream 00 feet deep. 

The Oranrawuttee and Nagporc Branch is about 263 miles in length. As the line 
has not yet been entirely staked out, no detail-s can, at present, be given ; but its 
general character is know-n to be favonnhle, anri the works arc light. The Ini’gcst 
works will be the viadnets over the rivers Nalgiinge and Wiirdah. 

There is no tunnel Iwyond the Ghants, upon any of the lines now nndcr construc¬ 
tion, comprising a length of 782 iiiilea 



CHAPTER X L_1 V . 

TRAFFIC. 

348. Tlic arrangemctiis for traffic are under the control of the Traffic 
Manager, subject, of epurse, to the orders of the Agent or General Mana¬ 
ger of tlie line. It is his business to determine what trains are to rnn and 
at what liours, and to fix the tariffs. In India, however, all such arrange¬ 
ments are made in concert with Governmont, whose consent is necessary, 
as expressed through its Con suiting Engineer. 

The questions of fares for passengers and for the different classes of 
goods—of working expenses—of the rates of speed to be maintained, &c., 
Xc., are very complicated, and depend upon a variety of considerations, 
whicii hardly come witliin the province of an Engineer to decide. 

34U. The following statistics for 186.')-G6, refer to the E. I. Railway, 
tlie most important line in India;— 

The mean length of Railway open for traffic during the year ending 
;nst December, 1805, was J,128 miles. 

The line on the 21st December, 18G5, was stocked as under;— 

Lower Divisinx. Upper Uivisiox. 

Piifisw'ugcr engines, .. 55 Passenger engines, .. 37 

Goods engines, .. 184 Goods engines, .. 4G 

Traffic vehicles of sorts, ,. 5,547. 

The gross earnings for the year, including Steam Feiry receipts, amount¬ 
ed to Rs. 1,84,45,970; the working expenses to Rs. 83,09,340; and the 
profits to Rs. 1,01,36,636. 

The results of the year's vrorkiiig were very satisfactory, the expenses 
forming only 44-5 per cent, of the gross earnings. 

Assuming the cost of tlie Railway to be Rs, 2,00,000 jier mile, the 
approximate dividend amounts to 4"3 per cent, per annum. 

Coaching yielded 36‘8 per cent, of the entire traffic, and merchandize 
61*3 per cent. 
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Coaching receipts per train mile >ycre Rs, 4-5-0. Merchandize receipts 
per train mile were Rs. 4-6-3. 

The total earnings per train mile were, Rs, 4-4-6, and the profits 
Rs. 2-5-0. The gross earnings average £29 per mile of Railway per 
week. 

Tlie following Statement shows the goods traffic of the year by classes 




TnAi'Fic IS Goons, 

Average mileage 
Iier maund 

I'llWh. 


Maunda luirriixl. 

Tteo'iptB thereon. 





In iscs. 




Its. 


First class, .. .. 

fup.. 

* * [ down 

45,84,818 

41,iK),f.C2 

21,97,040 

13,10,051 

31G-3 

182-5 

Second class. 

(up .. 

* * 1 dow n 

17,12.007 
5,20,4 ly 

10,57,204 

4,01,705 

441-5 

105-0 

Third class, .. .. 

( up.. 

'' 1 down 

3,31,080 

11,20,358 

4,01,803 

24,53,532 

.302-8 

337-0 

Fourth class, 

I up.. 

* ■ j down 

2,09,158 

2,4.5,004 

0,28,171 

4,38,014 

300-8 

289-5 

Fifth class, .. .. 

f np.. 

' ‘ 1 down 

34,.322 
13,012 

1,48,298 

42,380 

412-3 

237-6 

Special class, coal, 

(up.. 
jdown 

6:i,.54y 

5,29,507 

5,190 

87,093 

308-2 

335-5 

Special doss, goods, 

Jiip.. 

* * (down 

5,70,202 

62,94,010 

2,11,499 

10,55,026 

90*2 

08-5 

Total of all classes, 

1 up.. 

‘ * 1 down 

75,02,342 

1,29,19,128 

55.49,20.> 
57,87,801 

327-4 

221-5 


The following table exhibits the Passenger traffic of the last two years 
by classes:— 

The Passenger Fares are as under:— 


First class,. 

Second „. 

Third .. 

Upon Third class between Howrah, Baneegnnge, 
and intermediate stations only,,. .. .. 


AS. p. 

I 6 per mile. 

0 a „ 

0 3 


0 41 „ 
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ClnsscB. 

Kumber conveyed. 

Average 

Uooeipts from 
Passengers. 

180.% 

mileage. 

186£. 

First class, .'. 


126 

RS. 

3,87,710 

Percentage of entire traffic,., 



... 

Second class, . 

8.%2r6 

100 

3,91,136 

Percentage of entire traffic,.. 

1-9 

... 

... 

Intermediate and third class, 

4,133,975 

78 

.*■>,166,787 

Percentage of entire traffic,., 

97-3 

• • « 



Tlio traffic of the mctrf)i)olitan section between Calcutta and Burdwan, 
C7^ miles, greatly exceeds the average of the remainder of the line. 

250. In order to provide duly for the public safety, regulations are 
made from time to time, as to the minimum intervals at which trains are 
to follow each other, and as to the rates of speed to be observed; maxi¬ 
mum rates being specially fixed for running round any severe curves on 
tl\e line, which should on no account he exceeded. 

ft has l)ecn before observed that, in the ca.se of a double line, one line is 
reseiTcd for the up and one for the down traflic; the terms vp and down 
being of course conventional. When a single line only is laid down, 
certain stations are appointed at which every train as it arrives, stops, and 
is shvtifpd, until the train coming in tlie opposite direction has also 
arrived and passed it on the main line. 

In order to work these and other arrangements wliich are essential to 
safety, a line of Electric Telegraph is r(?qiiired along the Eailway, as also 
a proper code of Svjnals. All lines have their own bye-laws and rules for 
signals, bnt those now in use on English or Indian lines arc pretty much 
tlic same. 

Signals are either movealle or fixed; the former consist of flags by day 
and lamps by night, of different colors. Red^ generally meaning danger; 
green, caution; and white, safety. 

Fixed signals consist of semaphores, with arms of different colors, and 
which can be raised or lowered or fixed in different positions by levers 
worked on the spot, or ,by means of wires from the station a short distance 
off. These latter are called distance signals. There arc also Fog or De¬ 
tonating signals, used when the weather is thick. 
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351* Tite following rules are extracted from tliose in use on one of 
the most recently opened English lines;— 

Signals. — Color. —Red is a signal of danger, and to stop. Green is a 
signal of caution, and to go slowly. White is a signal of all right, and to 
go on. 

Stop. —The signal to stop will be given by a red flag, disc, or light, or 
by the left-hand side arm of the semaphore being raised to a horizontal 
position.— Wig. 1. 

Go Slowly. —Tlie signal to go slowly will be given by a green flag, 
disc, or light; or by the left-hand side arm of the semaphore being raised 
half-way up.— Fig. 2. 

Go OH. —The signal to go on will be given by a white flag, disc, or 
light; or by the left-hand side arm of the semaphore being within the 
post.— Fig. 3. ■ ♦ 

When both arms of the semaphore are raised, both lines are ob¬ 
structed.— Fig. 4. 

In the absence of regular signals, anything moved violently up and 
down, or a man holding both hands up is a signal to stop.— Fig. 5. 

A man holding one arm up, is a signal to go slowly.— Fig. 6. 

A man holding his right arm in a horizontal position, is a signal to go 
on.— Fig 7. 

The semaphore signal is invariably made from the left-hand side of the 
post, as seen by the approaching engine-driver. 

Inlermediate Station or Junction. —On a Train or Engine stopping at 
or passing an intermediate station or junction, a stop signal must be exhi¬ 
bited for five minutes; after which a caution signal must be exhibited for 
five minutes more. On a Train or Engine passing a level crossing or 
siding where a signal-man is stationed, the stop signal must be exhibited 
for two minutes; after whidi a caution signal must be shown for eight 
minutes more. 

Distance Signals. —At some of the stations, and at other places on tlic 
line, distance signals arc placed in advance of such stations or other places. 
These must be placed to “ Caution when the train has to stop at the 
station, place, or siding, and so soon as the train has come within them 
raised to " Danger," at which they must remain until the train leaves the 
station, siding, or other place, when they will be lowered to caution and 
remain there three minutes. These signals are intended to warn the 
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^nginemen and guards that similar signals of danger are exhibited at snch 
stations or other places. They are, however, merely auxiliai 7 to the fixed 
signal in connection with which they work. 

JoNci*ioN Signals. —Many of the junctions arc provided with two 
semaphore signal posts; and tlic signals for each line are shown on the 
signal post appropriated to it: the post for the main line being always 
on that side of the branch signal post which the main line talvcs, whether 
it may be to the right hand or the left. 

At all the junctions the semaphore arms for day, and the lights for 
night signals, always stand at danger; and no Engine must pass without 
the arm is lowered to caution, or the green light is shown. 

Enginemen will give the following signals on approaching a junction :— 
If the train is intended to pass along the main line, the enginemen must 
give one long, distinct whistle; but if the train is intended to pass along 
the branch, the engincman must give three distinct whistles; in accordance 
witli which the pointsman will turn the train upon the main line or branch, 
as indicated by the respective signals. 

Wnienover two trains are approaching a jimction at the same time, both 
ar(! to be stopped; the pointsman will then start that train which ought to 
taken the precedence; and passenger trains are always to precede goods, 
cattle, or mineral trains. And when there are two passenger trains at a 
junction at the same time, tlic one which is fibst dub must be allowed to 
proceed first. 

Train Signals. —Every engine belonging to this Company must carry 
by night a white light on the buffer plank, for passenger, and a green light 
for all other trains. 

Every train, after sunset, must carry two red side lights and one red 
tail light. 

A red board or flag by day, or an extra red tail light by night, attached 
to the back of an engine or train, denotes that an extra i^rain is to follow. 

Lfaibl Crossings, &c., &r.— All level crossing gates of public highways 
must be provided with lamps, showing red up and down the line when the 
sates are closed across the line. 

Bulbs for Engine Drivers. —Each engincman, before starting, must 
obtain a printed form, provided for the purpose, upon which he must enter 
the quantities of all the coke, oil, tallow, &c., received by him during the 
day, as also the number of miles run, under their respective heads; and the 



288 


TRAFFIC. 


return must be given in to bis foreman every evening, or before ten 
o’clock the next morning, under a penalty of one shilling for each neglect 
thereof. 

Every engineman must have with him the following tools, &c., and he 
will bo held responsible for having them always in good condition;— 


I Cnmi)Icte act of screw keys. 

1 Large and small monkey wrench. 

3 Cold chisels. 

1 lland hammer. 

] Crowbar. 

1 Fire bucket. 

Gangc, and head and toil signal lamps. 
Quantity of flax and twine. 

1 Large and 2 small oil caTis. 


1 Screw jack. 

2 Couj)ling chains, with hooks. 

1 Tallow cun. 

1 lied signal flag. 

1 Time hook. 

Plugs for tubes, with a plug rod and 
quarter hammer. 

6 Detonating signals. 


Enginemcn on bringing up their trains are to pay particular attention 
to the gradients, state of the weather, and condition of the rails, as also to 
tlie length and weight of the train; and these circumstances must have due 
weight in judging when to shut ofi" the steam, and when to apply the breaks. 

Method of working a single line between the stations A and J3, trith an in¬ 
termediate Station, S. —A Train staff or train ticket is to”be carried .with 
each train, to and fro, without which no engine is to be allowed to start. 

Two train staffs will be employed, viz., one between A and iS, red-, one 
between S and B, Mm. 

No engine, or train is to be permitted to leave either A, S or B, unless 
the Staff for the portion of the line over which it is to travel is then at 
the Station. If no .second engine or train is intended to follow, tlie staff is 
be given to the Guard or person in charge. 

If another engine or train is intended to follow before the staff can be 
returned, a train Ticket, stating “ Staff following,” will be given to the 
person in charge of the leading Train, the staff" itself being given to the 
person in charge of tiio last train, after which no other engine or train 
can leave the Station, under any arcumstatices whatever, until the return 
of the Staff*. 

The Train Tickets are to be kept in a box, fastened by an inside spring; 
the key to open the box is the train staff, so a Ticket cannot be obtained 
without the train staff. 

The Train Staff’s, Ticket boxes, and Tickets are painted or printed in 
two different colors, red between A and S, and blue between S and B. 
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The inside springs end the keys in the Staffs being so arranged that the 
red Staff cannot open the bide box; nor the blue Staff the red box; this 
is to prevent mistakes at S. 

The Ticket Boxes are fixed by two brackets in the Booking Office, the 
brackets being tamed up at the end to receive the Train Staff when at the 
Station. 

The Clerk in Charge, Inspector, or person in charge for the time is the 
sole person authorised to receive and deliver the Staff. 

S53. The general charge of the engines of a line is under the l/OComo> 
live Superintendent, who is assisted by one or more formien of locomotives. 
The names of these sufficiently explain their business. Every engine has 
or ought to have its own engine driver, (as well as fireman,) as it is a well 
known fact that no two engines though turned out of the same workshops 
and from the same patterns, will work exactly alike. The engine driver’s 
post is one of great responsibility, and requires presence of mind and deci- 
hion of character as well as a thorough knowledge of his business. 

Every train is under the charge of a Guard, to whom the engine driver 
lo(»ks for orders as to stopping or starting, and who when the train is at a 
station is under the orders of the station master. The guard signals to 
the engine driver by a whistle, an^ a means of communication between the 
two is provided to be used when the train is in motion and the whistle 
cannot be heard. There ought also to be a proper means of communication 
between the passengers and guard, by which his attention can be called to 
any particular carriage if necessary, but though it has often been urged, 
on very few lines has it been carried out. 

Every station has a Station Master, assisted by a staff of porters, <S:c., 
who attend to the local traffic whether of passengers or goods. 

Besides these officials there are also at the terminal stations a Goo^s 
Superintendent, a Superintendent of Workshops with his staff, and others 
whom it is not necessary here to mention. 

For the Engineering duties of a line when made and opened, there is a 
Tfesident Engineer, with one or more assistants or District Engineers, and 
a staff of Inspectors of Permanent Way or Foremen Platelayers, whose 
duty it is to inspect their section of the line daily, and see that it is in 
proper order; they are provided with gauge rode to see that the gauge ia 
accurately preserved. 

2 p 
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CHAPTER X L V. 


HOUSE UAIliWAYS. 

253. At.lcsion Las been already made in tlie first chapter of tins 
section to light Branch Railways, now under construction in India,—which 
are intended to be more cheaply constructed dian the main lines, and to be 
worked at low speeds. The same principles may be carried yet furUicrj 
and in districts where cheapness of construction and working is of more 
consequence than speed, horse or cattle poorer may be advantageously 
substituted for the locomotive. 

The saving in such a system will consist chiefly in the lighter kind of 
permanent way and rolling stock that may bo employed on such a line, 
though more saving may also be effected in the sharper curves and steeper 
grades that are allowable for low speeds, and in the less expensive cha¬ 
racter of the stations. But it will be better as a rule in constructing all 
such lines to contemplate the probability of locomotives being hereafter 
substituted as the traffic develops, and it will generally be bad economy 
to estimate any saving on an ordinary railway in the roadway itself up 
to formation surface. 

The whole question is so obviously one of expense, both as regards 
first cost, traffic, and working expenses, that it will be sufficient to give 
the best data available, and leave the Engineer to apply the same princi¬ 
ples to any particular case with which he may have to deal. 

254. The following estimate, drawn out by Sir William Denison, has 
special reference to the Madras Presidency, but will be found in most 
points generally applicable:— 

Horse Railumy .—The cost of the earthwork, and of the bridges, and 
culverts, would be rather less on the railroad than on the macadamized 
road; for while it is not intended to modify the gradients in any way, or 
to add to the cuttings and embankments, except on very special occasions,, 
the width of the mad may be less. I do not, however, propose to make 
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auy deductions on this account, but shall assume the cost of the eartli- 
vrork and bridges and ballasting, at the same sum as for the macada¬ 
mized road, viz., £750 per mile; (see ante p. 183), setting the metalling 
against the ballast of the Railway. The cost therefore, of a railroad 
will be found by adding to the cost of the macadamized road, that of 
the purchase of rails, chairs, and sleepers, and that of the labor of fixing 
them. 

The weight of the rail used at first on the Manchester and Liverpool 
line was 35 tbs. to the yard, and it seems to me that, for horse traction, a 
rail 28 tbs. to the yard would be amply strong enough; and as 2,000 yards, 
or an addition of 240 yards to the mile, will be sufficient to cover all sid¬ 
ings, &c., 2 X 28 X 2,000 = 112,000 fts., or 50 tons per mile, will be 
the weight of the rails. These can be delivered at Madras at £8 10s. per 
ton, and an additional 30s. per ton, making a total of £10 per ton, will 
cover the charge for conveyance, so that £500 will be the cost per mile of 
the rails delivered upon the road. Timber sleepers have been found to 
(kviiy rapidly in this climate; I should therefore be inclined to recommend 
tlie ctn})loyment of stone blocks as supports for the rail; in many parts of 
this Presidency, where the gneiss crops out on the surface, the stone block 
would be far cheaper in first cost, and far more durable than any other 
description of sleeper; but, as these may not be attainable generally, 1 pro¬ 
pose to allow for the use of the iron ix>t sleepers, which liave been employ¬ 
ed on the Railway. For the horse traction line these may be made lighter 
Uian for the locomotive line, but 1 propose to allow for the same weight 
and price, that is £1 per pair of sleepers with tlie oonneciing tic-rod. 1 
sliall allow, however, for a bearing of live, instead of four feet; tlie 
cost, under these conditions, of chairs and sleepers will be £1,200 per 
mile. 

Tlie cost oi laying the railvray may be put as on the Locomotive line, 
at per yard run, the cost for 2,000 yards would therefore be £37 
10s. 

In order to make the action of this railroad perfect, it should be pro¬ 
vided with a line of Telegraph; and the cost of this, judging from the 
amount expended upon that on tlio Madras line of railroad, will be £90 
per mile. 

The whole cost of this railroad for animal power per mile will then be 
as follows:— 
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£ 

f. 

d. 

Earthwork, inclnding ballast or metal, . 

880 

10 

0 

Bridges, cnlverts, &c., .... 

302 

10 

0 

Bails. 

500 

0 

0 

Chairs and sleepers, . .» ■ 

. 1,200 

0 

0 

Fixing rails,. 

37 

10 

0 

Telegraph, ...*.. 

90 

0 

0 

Btables and rest-houses, 

50 

0 

0 

Sundries, ...... 

Superintendence, &r., .... 

40 

0 

0 

76 

0 

0 


£2,627 

0 

0* 


An allowance most be made for the weai and tear of rails and sleepers. 
The actual wear of the road itself will be very much less of course than 
that of the macadamized road, for the iron rail takes the action of the, 
wheel; if, then, the rails and sleepers are renewed in twenty years, one- 
twentieth of the whole cost may be provided as an annual charge; and as 
this cost is £1,700, one-twentieth of that sum will be £85. One-half of 
the ordinary sum of £30 will be sufficient to cover the cost of other re¬ 
pairs ; so that 85 -f 15 = £100 will cover the cost of the maintenance 
of the Railway for animal power. 

Cost of Haulage .—I have now, however, to form an estimate of the 
cost of conveying the same quantity of goods, and the same number of 
passengers, along a Itailway by means of animal power. 

The number of first-class passengers has been put at 3,220, or roughly 
10 per day, or 5 each way. To convey these one first-class carriage would 
be required, which would travel at the rate of 10 miles per hour. It 
would be drawn by two horses, and would be capable of accommodating 16 
passengers. The distance of 41*25 miles would be divided into five stages, 
each pair of horses going a stage out and a stage back, or about 16 miles 
per day; a spare carriage would be required and a spare pair of horses. 

The capital expended would be— 

£ £, s. d. 

3 Carriages, ... .at 250 750 0 0 

12 Horses, . . . . at 45 = 540 0 0 

10 Sets harness, . . . . at 10 = 100 0 0 

Total, . £1,390 0 0 
► - 

152,000 second-class passengers divided by 365, will give 416 as the daily 
number conveyed both ways. . It will, however, be necessary to reckon 

* ThU ertlauite agrees closely with Captidn Tale's carefnl estimate, la bis project for a railway 
Ia BohOkund, of a Oattle Draught line, at Ba. SS,fi00 per mile; but this includes Bs. 2,6S3 for plant 
and wogtms, whidh axe chaxgeahle to draught rather than oonstruotion. It is considerably higher 
than Mr. Wilacm'i estimate (or a Ballway to be worked ly locomotlveB.—[Es.l 
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upon some esdara pressure occasionally; and carriage accommodation must 
be provided for, say, 240 each way, or 480 altogether. Each carriage 
will contain 30 passengers, and will be drawn by two horses at the rate 
of about 6 miles per hour; travelling the same distance as the horses 
drawing the first-class carriages. 

The total number of carriages and horses required for the actual work 
will, therefore, be 16 carriages and 80 horses; but it may bo as well to 
estimate for 20 carriages and 100 horses. 

The capital expended, then, upon rolling stock and animal power will 
be— 

£ £ g. d. 

20 Carriapes.at 250 = 6,(X)0 0 0 

100 Ilurscs, ..at 40 =: 4,000 0 0 

J6 Sets harness,.at 10 = ICO 0 0 

Total, ... £9,160 0 0 

82,000 tons of goods may be put at 100 tons per day, or 50 tons each 
way. 

Three tons may bo allowed for each truck, and 34, therefore, would be 
required ; each would be drawn by 3 bullocks, 6 extra trucks might be 
.'illowed to meet casualties; and a few extra bullocks should be purchased. 
As the daily journey of a bullock may be put at ten miles, the distance of 
41-25 would be divided into four stages; so that 12 bullocks would be re¬ 
quired for each truck, 40 x 12 = 480, would be in daily use, or say 

500 to cover contingencies. 

The trucks ought not to cost more than £100 each, and the bullocks 
£15 the pair. 

The capital, therefore expended upon the rolling stock and animal 
power for the goods traffic will be— 

£ g. d. £ s. d. 

40 Carriapes, at ... • 100 0 0 = 4,000 0 0 

600 Bullocks, at . . . . 7 10 0 = 3,250 0 0 

Total, ... £7,260 0 0 

The total amount of dead and live stock required for the conveyance of 
passengers and goods along a Bailway worked by animal power would be 
as follows:— 

£ g. d. 

First-class passengers,. 1,390 0 0 

Second-clasB do.,. 9,160 0 0 

Goods, . . .•. 7,250 0 0 

Total, ... £17,800 0 0 

Saj £18,000. 
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The annual charge may be estimated as follows: » 


£ £ s, d. 

Interest upon £18,000, at 5 per cent, ... = 900 0 0 

Wear and tear of carriages and repairs, 16 per 

cent, on. 9,750 = 1,402 10 0 

(’o8t of re-placing horses and bullocks, 16 per 

cent, on. 7,790 =: 1,168 19 0 

Repairs and re-plocing harness, 20 per cent, on . 260 = 52 0 0 

Keep of 112 horses, at £24 each, ... = 2,688 0 0 

Keep of 500 bullocks, at £8 each, ... = 4,000 0 0 

Hire of 20 coachmen, at £50 each, ... = 1,000 0 0 

Hire of 166 bullock drivers, at £10 each, . =: 1,660 0 0 

Eepaors of stables, at 6 per cent on . . . 2,000 = 100 0 0 

Tdegrapli, &c., charges as on locomotive line, . = 11 9 0 

General charges, including clerks, &c., . . = 442 11 0 


'iotal ... £13,485 9 0 

This sum divided by the totd distance 41-25 miles, will give the charge 
per mile for traction, £302 12s. lOd. 

355* The following Notes are extracted from a lieport drawn up in 1855, 
by Captain Yule, R.E., on a projected light Railway in Rohilcuiid:— 

We have in this country no cattle-dr^t railway for general traffic, though 
we have at Roorkee, and also, I believe, at Uie great Godavery works, 
light railways in operation for special constructive purposes. Tliere is, or 
was also, the Redhill railway at Madras, established for the purpose of 
bringing road metal into the city; but I find no account of it accessible to 
me* at present. 

8uch railways English books now utterly ignore. The idea of railways 
for general traffic, had scarcely begun to be taken in by the public mind in 
England, when the snperadded invention of the locomotive engine took 
entire possession of the field. Yet horse railways are still worked, I be¬ 
lieve successftilly, in Germany; and in America they were, at the com¬ 
mencement of the railway system, numerous. The American edition of 
“ Woods’ Railways” contains an account of many such. 

If they can be worked with profit at all, the advantages they hold out 
in the power of working with so much lighter material and less costly es¬ 
tablishment in this country, where so much costly material and costly 
management has to be imported for the working of a locomotive system, 
must strongly recommend them where there is a considerable, but not 
unlimited traffic to be expected. 
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III tlie comparison between animal and locomotive jiower for the project, 
gradients will not enter imich into question, excepting at some of the 
bridges, and the earth-work will form so small a proportion, probably, of 
cost, that little can be saved on by preferring tlie former. Steeper gra¬ 
dients may be admitted, if necessary, on the cattle railway, not because 
cattle arc at all less sensible to the tendencies of gravitation than locomo¬ 
tive engines, but because the remedy of additional power can be more 
cheaply applied, where wanted. 

In such a railway, as we now propose, there would be no object that I 
can see in keeping the gauge of the East Indian Railway. We make the 
railway for cattle draft, and adapt it to that. Neither the way nor tlie 
establishment will be prepared for locomotives, and it may be as well to 
make it impossible for the locomotives, at least of the East Indian Railway, 
to come upon the line. We must have a break of line, where we meet the 
Kast Indian Railway, and it may as well be a break of gange. 

The narrower gauge enables us to make some reduction in the cost of 
works and way, and a larger reduction in the cost of wagons. I therefore 
jtRtposc that the gange should not exceed 4 feet G inches. ^ 

The rail intended to he used is the fiat-solcd American 
pattern, used on the Croydon, the Birmingham and 
(ilouccstor, and many German lines, giving it a weight - 

of 30 lbs. to the yard. 


Estimafe for nm mile of Catth-drafi Eaihray for n main line in 

Jtohilhnid. 


ns. 

Earthwork, averopinj; 4 feet high, and 10 fet-t wide at top, 

slopes 3 to 1, cubic feet 4,64,040, at Ks. 'J, . 020 

Sand ballast, 1 foot thick, eu)»ir feet 36,060, at Hs. I per 100, 370 

Brick, or natural ballant, i foot thick, cubic feet 18,480, at 

at lis. 6, . l|b)9 

Longitudinal timbers, 8 inches X 4 inches, lOj.lOO nmning 

ftiet, or cubic feet 2,347, at Rs. 1,. 2,347 

Cross-ties, 883 in number, or cubic feet 078, at Es. 1. 978 

Spikes, 4,000 lbs., at 3 annas, .. 750 

ZrAyiBj Wffli/, per yard, Rs. 1, . 1,760 

Bails, 30 lbs. to the yard, 48 tons, at Rs, 160,. 7,680 


15,923 
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Add:— 

BS. 

fbr tidingg ^th. 1^92 

For culverts and sfiudl bridges brich'Work, 6,000 cubic 

feet, at Bs. 16,. 960 

For large bridges, . 8,893 

fbr station buildings, .. .. 800 

Fencing and gates, . 800 

fiant and wagons . 2,532 


Total Bnpees per mile, .. 26,500 

We have in this country an establishment, somewhat analogous to that 
of a good railway, in the Government Bullock Train. From data, lately 
furnished to me by the Superintendent it appears that the cost of transport 
by the Train, averages little under 1 anna per ton per mile. And as a 
horse can draw at least eight times as much gross weight on a level Tail> 
way as it can on a level turnpike road, we might divide one anna by eight, 
and call that the amount of working expenses per ton per mile. 

It is however to be remembered that the Bullock Train establishment is 
in happy ignorance of the expenses of road maintenance, which are charg¬ 
ed to another department. Neither is it self-dependent in the matter of 
establishment, which for the most part is identical with that of the Post 
Office. A part is charged to the Train, but of course this is less than if 
the transport system stood alone. And, not to go into other sources of 
enhanced expense, the cost of “ rolling stock” adapted to a railway will be 
in a heavier ratio than in the case of the Bullock Train. 

The great difficulty that I foresee on a cattle railway will be that of 
keeping our rolling stock within reasonable limits. Draft horses for a 
purpose such as ours, can scarcely be said to exist in India, and we must 
thereiore look to oxen for our draft. Oxen move slowly, and we must 
'consequently keep up a larger establishment of wagons. Bach speed as 
we expect to gain over that of the present countiy transport will be rather 
by the advantage of relays and constant movement, than by any great 
acceleration of rate whilst in motion. 

Let each wagon be supposed to carry two tons. For 
80,000 tons to be moved at once, we should require ... 15,000 wagons. 

These wagons travelling day and night, we may sup¬ 
pose to accomplish the journey of 120 miles in 8 days, 
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and to ntorn in same, halting on Sondays. We 
may therefore connt on the same wagons starting from 
Bareilly once a week, or making 43 trips in 800 
days. We require, then, to keep up this traffic, .. 850 wagons. 

Or allowing 150 spare, as our establishment, 500 wag<ms. 

The cost of these is supposed to be included in our 
mileage estimate of construction. But the carts may Ik> 
expected to require renewal at least erexy fire years. 

Supposing the cost of a wagon to be 500 Bs. then 
X 500,.Bs. 60,000 for cart rep^ (a) 

Next for Oattle— 

The Bullock Trun establishm^t obtains' them at a contract rate of . 12 
rupees per pur per month. But 1 fear that our laige oonceutrsted demand 
would scarcely obtain ca^e at so low a rate. Let us aaj half a rupee per 
diem for the pair. 

Allowing two wagons, or four tons nett to a pair of bnllocks (and 12 
miles a stage, the practice of the Bullock Train), to carry at once onr load 
of 30,000 tons, would require 

7,500 X .(Bs. 75,000)—^pairs of bnllocks. 

Or, divided over 300 days, .. (Es. 250)—pairs. 

Wc may find, however, that we have to pay such a rate as will cover the 
hire or keep of the cattle for the whole .year, or 365 days, instead of 300; 
hence 250 x ^ B. x 365, Bs. 45,625 for the cost of 
cattle (b) 

Establishment it is more difficult to estimate. But as 
one reason in favor of a cattle, rather than a steam rail- 
way, IS the expectation of preserving a moderate scale of 
establishment, probably something like this would suffice, 

Buperintendence of works and traffic, Bs. 1,500 

Two terminal stations,.. 700 

Ten minor stations, .. 1,500 

Monthly, •• .Bs. 3,700 

Or Annually, .. .• .Bs. 44,400 for establishment (o) 

Maintenance of way. —With the slow movement of 
a cattle line this ought not to be heavy, say Bs. 150 
per mile, .. 150 X 120 =s Bs. 18,000 for maintenance (d) 

VOL. II. . 2 Q 
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uom lUlLWAYS, 


The •oconnt irill stand iluis:>*<- 


S8. 

Bepehm of foiling Stock, &C., . £0,000 


Hize of cattle, .. .. 46,6Sfi 

XMabliafameat,'. 44,400 


MetwtoB s iwi e ofwy, .. .. .. 18/XK) 


Total 
Or per mile, 

The eoat of carrying 1 ton e mile frill be 
Ba. 1,68,025 

80,000 X 120 . 


n s 


.. 1,58,025 
.. 1,817 


0*702 Anna*. 


The present amrage cost of transport bj conutiy carts is 
ton xnSe. 


1*8 


annas per 


Tlve gross reoe4>tB on 80,000 tons, would be per mile 


At 1| anna, .. 2,818 

.. 8,844 

And the u^tenaea being, aa abore, .1,817 

The nett eerenne, per mile^ erill b^ .1,498 

Equal to 8*64 per cent, on conatroction, or.. 1,027 eqoal 

8*8 per cent. 
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SEOnp X.—IBRIOATION 


ieS6b IsBioAnciiK ia mtiber Ni^nl or ArtifidaL . ISie former depeado 
upon Bain, upon Wells, and upon tlie flooding of BiTem. The Itttter 
comprises two important classes of Worics—Oaiuda and TaQks>->wliidi. will 
be treated of in their proper order. 

With Bain Irrigation the Ihigineer has nothing to do except under tbs 
head of Drainage of Xiands; a separate Inandi of Engineering which will 
only be treated of incidentally under this Becrion. 


CHAPTER XIjVI. 

WELL IRRiaATION. 

257. With Well Irrigation liie Engineer's chief business is to devise 
machinery for raising the water, which more properly belongs to the subject 
of Mechanical Ehig^neering. 

It may be useful however to show the cost of raising water by the 
various methods generally used in India,—only to show the utility 
of introducing Canal or Tank Irrigation even in districts already irrigateck 
by wells. Some idea may bo formed of this when it is conddered that 
the Ganges canal alone is calculated to perform the work of 800,000 men 
and 1,200,000 buUocks, besides increasing the produce of voeU irrigated 
crops by 50 per cent. 

The three modes in generid use for raising water from wells in India are 
the PaecoUah for Bengal (and (I believe) Sonthem Indio, when tanks do 
not exist), the M6t or CJmrus for the N. W. Provinces, Bajpootana, &c., 
and the Persian Wheel for the Punjab. 

The PaecoUah or LathO, is a lever witli a bucket at one end attached by 
a r<^, and a counteiptnse at the other end. It is worked by two men, 
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vrho will work at it from 6 to 8 hoars dail;^, and, it is said,* they will in 6 
hoars raise 2500 cubic feet of water from a depth of 20 feet. Another 
calculationt however gives 1357 lbs. of water as drawn from a depth of 
86 feet in half an hoar, eq[aivalent to 260 cubic feet in 6 hours, and this 
resull^ making aUowance for the difference of lift, differs so widely from 
the first, that neither can be taken as a guide. When the depth is moder¬ 
ate (accordy^ to the same authority) three men with two lathas will water 
from one-third to two-thirds of an acre daily. 

The walking beam is another form of the paecottah, by which one man, 
it is said,! can raise 400 cubic feet in a working day of 8 hours from a 
depth of 11 feet, which agrees better with the second of the two calcula¬ 
tions given above. 

The Mdt or Churua used in the N. W. Provinces, and elsewhere, con¬ 
sists <4 a leathern bag made from a whole ox-bide, which, when filled, is 
raised fri>m the well by 2 bullocks walking down a slope, and emptied by an 
attendant on arrival at the top. Sometimes it is fitted with a leathern 
pipe at the bottom of the bag, which, by means of a string, con be worked 
by the bullock driver from the end of the slope, so as to empty the bag 
and dispense with the services of the attendant. Sometimes also by means 
of a drum two mdts are wotked, one being raised while the other is 
lowered. 

Three men and two oxen work a m&t from monuug until evening, 
with a refreshment only of about f ths of an hour. In a well S3 feet from 
the surface to the water, a mdt in half an hour drew 7210 bs; but such 
superiority over the lathas is not admitted by tlie natives, who contend 
that three lathas wrought by four men are equal to a mdt wrought by 
three men and two oxen. This however, I have no doubt, is a mistake, 
unless when the water is very near the surface.**§ 

]j “ From personal measurement we deduce that a leader bag as used in 
the North-West Provinces, contains 4’6 (four and a half) cubic feet, and 
that two pair of bullocks, relieving each other in the manner above des¬ 
cribed, will raise this bag Ml of water to the surface of the ground forty 
times in an hour. Supposing the bullocks work ten hours a day, and tak¬ 
ing ninety days as the working season, we have the following result 
4‘5 X 40 X 10 X 90 as 162,000 cubic feet. One acre =; 48,560 au- 


* Madm Snglneer Pi]Mn, ToL II. t OleanlngB in Sotenoe, Vol. II. t Gleuiingi In Science. VoL I. 
{ Oleaolnge Ki Science. II Onlcuttn Ongineer’i Jonnutl. 
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perficial feet. acres, covered 1 foot deep with Water, as 

the resolt of the labor of two pairs of bullocks and three mco, working ten 
hours a daj for ninety days. From the above description of the well 
system of Inngation, it will be seen that it is very expensive, and can only 
be of very rei^tricted application. 

“ Beside the objection of expense in working, this system is quite im¬ 
practicable in large tracts of the Doab, as the sandy nature of the sub-soil 
entails the necessity of masonry wells, and it is quite plain tirat such a well, 
costing at least Rs. 500 to even every 20 acres, is entirely out of the ques¬ 
tion. The ordinary well is simply a round hole, lined, for a few feet of 
its height from .the bottom with a wooden, or plaited brush-wood casing." 

S58. The following Notes on this subject, from Colonel Ihckens’s 
Report on the Soane Canals, will also be found useful:— 

The irrigation of the spring mq) is for the most port effected by drawing water 
from wells hj means of ballocks and the leather bag called a moth. In some places, 
where the water is near the surface, the weighted Icvd (lot) is used, but it is a more 
expensive mode of raising water than by the bullocks and moth, except where the 
depth of the wells is very smolL 

The wells ore not deep, reai'hing generally from 18 to 28 feet below the surface :* 
on the average perhaps 22 feet. But the supply of water is in most parts of the 
district scanty, and little more than a foot remains in the wells while the moth is in 
use. 

To irrigate the crop the water is run through the fields in channels, whence it is 
sprinkled over the crop with wooden scoops. This mode of irrigation is very inferior 
to that practised in other juurts of India (and for opium in Sbahabad) of Allowing the 
the water to submerge the whole field, plot by plot. 

With wells of the average depth the irrigation requires two pairs of bullocks (to 
work and rest by turns) and two men at the well, borides a woman or boy in the field 
to form the channels and sprinkle the water. On an average one moth will water 
about fths of a bcegah (fths of an arret) in a day. A laborer who has received an 
advance of money from his employer gets 24 or 8 seers (6 or 6 lbs) of one of the 
cheapest kinds of grain os his daily wages, value about 8 pice of 20 or 21 gundat (or 
fours) to the rupee (that is 80 to 84 to the rupe^ 40 to 42 pice to a shilling). A 
laborer notin debt is allowod 4 seers of gnun, value about 4 of the pice current in 
the district, or fths of an anna of the Company’s coini^ (14 penny) as his day’s 
wages. 1 was not able to form a aatisfactoty direct estimate of the cost of keeping 
np the bullocks and their gear with the moth, bat I found the established rate of hire 
for the two pairs of ballocks with gear and moth is 4 annas (6 pence) a day. The 

* This rtfm to the Bhahabsd and oChor dJstilots tn Bebar. In the Pnnjab the distance to the 
nufaoe at the water from the gnund Is often 40 or SO feet, The length of time then eonnimed in 
xalslng the UOt makee It Inferior tothe Pentan Wheel, hereafter described, which gives a contlnnons 
stream,—[B d]. 

t Ihe beegah of <,0SS square yuds is used in Bhahabsd. " 
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soit to tile propzieton would, I mppose, be eoBwthiog leee. 1 thmfore eet down the 
eoet of enedejr'e {rrigwdoQ from 

as. A. p. A I. d. 


8 mea *. .. .. 0 1 6 0 0 8i 

1 womaa at bof, omitted, being also xeqnited for 

canal iirigaflon, «* .. *. •• 0 0 0 0 0 0 

BaUoduandawtA, ,« . 0 8 6 0 0 H 

One d^, car to water |thf of a beegoh, ftha acre, 0 6 0 0 0 7| 


To waterabeegahoQee,tiher^oro,ooste, .. Be. 0 8 4 
Andaete,.. .£ 0 1 8 


The greater part of the spring crop ia watered only once or twice in the season, bat 
tome of it three tunes, paridenlorlj wheat Wheat in some few places is watered fonr 
tinna. Where the irrigation was indostrionsly applied, I generally fonnd the mle to 
be to wateir bailey twice and wheat three times. The ezettse for not irrigating more 
in places where toe abore was not acted np to, was more freqoently want of ttme than 
want of water, I am inclined to think toe real cause is often indolence rather than 
aoaseity of Utbor. But for either case tiie supply of canal irrigation affords a remedy, 
aa it aam both laboeora and trouble. 

Sxcapting in the ridi land near the Qangee and a tew oilier favored spots, flie nn-* 
irrigated ett^s of wheat and barley an very scanty, and ore said to prodnee only from 
8 to 6 mannda of giwn per beegah (866 to 640 Iba per acre), and those irrigate once 
or twice yield only from 4 to 8 mannds (618 to 1,034 TIte. per acre). Irrigated three 
times, toe crop ia aaid to yield frmn 7 to 10 mannda (696 to 1,380 Iba per acre)} but 
toe peojde told me if toey could hrigate 4 times, using abimdance of wator, they 
wonld get from 10 to 16 mannds of grain per beegah (1,280 to 1,920 Ihs, per acre). 

Colonel Cantiey atatea the produce in tiie Seharonpoor and Bolnndsbnhnr districts 
to be about 84 mannds per beegah for unirrigated, and 18 mannds for irri|^ted, land 
(1/)S9 and 1,703 Ois. per acre). There ia eertainly a very much greater difference 
than this in most ports of Shahabad i and allowing for some exaggeration in the na> 
tive account above given, X think the siq^dy and use of abundance of water to irrigate 
the crop, wonld double the prodnee of the greater part of the district. 

Watering three times in the impeEfeet way above desmibed, costs aa above shown 
ohont Ba. 1>94> per beegah (6 shilliii^ anacre) for toe season*, and it Is evident that 
the money iswell laid out. Donbling the rate of water rent levied in ^ Norto'Westem 
Proviiwes (that k charging Bs. l-i^ inatead of Bs. 0-10-0 per be^ah), 4 shtilinga 
instead of 3 p8v acre, we ahimld be able to anpply the enltivatora with irrigation 26 
per cant cheaper‘than toey get it now, and, in a^tion^ give them all toe advantages 
of 4 toorongh drnuhings fev their oops instead of 8 aprinklii^ They will besides 
have toft canal supply of watw all the rest of the year without any further payment, 
and will be able to tnm it to mure profitable accoont ia niaiDg more valuable crops 
than the wheat and barley, whidi alone I have calcnlatod npon. 

■ Uent.>Ctol. Baird Smith (page SSI, VoL I., Italiaa InigatUm) makaa It (mnithui lutcnat of o^- 
tel}4l-U-S|^ Ba>ai,how8im,ca|e tt latedtlwhlre<rf the aaeaaad boa ati ter the wtirte year, white 
my oatettiatten exteate only to tte ported «f i»4tetlng the spring oropa. linking tlw Irriitetliiv 
aoaaouBttnanthaorlrdofthayaar, therateOMMSte 60-10-4. ItodUhtaotia between tlite sad 
my eatimatamay bearing to the gmtar depth of wnUaaad thamora Mberalseato of brigntton. 
Buttbawagaeandeoatof bonocatsdUEergreai^ from thoaatafihataabaid. - 
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X ftxmd tbemtar bags oMd In Blialiapbad hold on aa a*cn|a aibcxU If wddc faet of 
water. They were wcurlcied for ahoit period! at the rate of abooIjN^ per hoa^bttttMt 
was not kept ap ttmmghofBt Ae day, and the total niunber raised daily was said hot 
toexoaedlKO. To be smeof nutog a liberal calenlation I shall, htfrowe) tdbs it 
atSOO. ThistberefoxeltakeastiiebBlkafwatvieqoliedfoorftbsofabeegah^itlis 
of an acre) for one watering. For a whole baqpdi flus gives fiOO bags (jBOO per aete) 
for one watering, and 1,000 (8,200 per acre) for four waterings, or a foil aeas0B*t irri¬ 
gation. Bnt this is for the imperil kind of ii^)gatlon practised in Shahabad. To 
irrigate thoroo^ly I ahall suppose doable the quantity of water nrcesiaty, that is, 
4;Q00 bags or 11,000 cable feet per beegah (17,600 cubic feet per acre). 

The irrigating season in Bbahabad cammences about the b^pnning of Novmber 
and terminates at the end of Febmary. It lasts, therefore, about 120 days. Now 
one cnbio foot of water per second for 120 days is 10,368,000 cnbic foet, whidi will 
water 942 beegabs or 588 acres. But this is the supply fo be delivered from tiie 
eenel, aod it is neoessary to add to it the quantity leqoit^ to make up for the was¬ 
tage in passing down tl^ channri, in order to determine the disdiarge required st 
the esnri head. 

S59. Ibe following detailed oalcolationB of tiie {reiformaiioe and cost 
of yariona irrigating machinea are extracted firom Profa^onal 
Vol. I. 

The heights sssamed for ndsing the water In each caae are those for whidi it is 
believed the several machines could be most generally and nsefuUy emplsyed. 

The value of the modulus and the useful effect in eadi case are assumed alter due 
considaatioD of the stmoture of each machine and the amount (ff apilhige or waste. 

1. Th$ JPseeotfoA.—(One man employed). 

Water raised 16 feet Content of bucket = <45 cuhio foet 

Number of discharges per minute =s 8. Piacharge per hour s; 81 cubic foet 

If we taka the useful elfoct or dischaiige 90 per cent, we get-- 

Aetual dueharge ptr law as 72*9 cubic foet s 4B5’4 gallmu. 

2. BtfUiv.-<Two men employed). 

Water raised 6 foet Deliyezies in each minute ss 20. 

One delivery ss | cubic foot Pdhrery per hour ss 400 cubic foet. 

S useful effect ss 75 per cent, then— ' 

Aetual ditehargeper hour ss 800 cnbic feet s: 1890 gallons. 

8 . Tfta SingU Jfdt.—(One man and two bullodui employed}. 

Water raised 40 foet Speed cf bullocks as 2 miles mi honr. 

^[>eoo gotteererbythe bnllooksatoneliftsSOfoet Conbenfccff bagss Aeuhie 
foet 

Time reqidred for hnUoda fo tuning a ’I minute. 

Kuniber of lifts per rnfauto ss I'lg, 

Discharge per hour ss 218*6 enUe forii. naeftd>eflieot a TOperuent 

Actual diachmrgeptr kour^si 149*6 a 924 gallOBa. 

Taking tiwaodolni a '9ai)dthe weifl^toftiia rope and hag m 48 poptd%itiia 
requited traction wldeh the buUooki ban fo oyerouma Is a 866 poaad8..i 
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eoil to tbo pippiietors would, I nippofle, be eoiQetbiQg lew. 1 tberefoire wt down the 
eoet of onede^’* irrigetion ftom wellt. 

B8. A. r. t $, d. 

Smen .. .. . 0 1 6 0 0 H 

1 wtomuii or bo 7 , omitted, bong elao required for 

oanal irrigation, .. .. .. .. 0 0 0 0 0 0 

Bollocks and awtft, .. .. .. .. 0 8 6 0 0 £1 

Oned^iOr towater}thBofabeegah,fthaacre, 0 6 0 0 0 7^ 

To water a beegah once, therefore, ooBts, .. Bs. 0 8 4 

^ Andafsre, .. «* .. ..£016 

The greater part of the spring crop is watered only once or twice in the season, bat 
KKoe of it three times, particnlarly wheat Wheat in some few places is watered four 
timet. Where the irri^tion was indnstiionsly applied, I generally fotmd the m]^ to 
be to water bmdqy twice and wheat three times, ^e excnse for not irrigating more 
in places where ^ abore was not acted np to, was more frequently want of time than 
want of motel*. I am inclined to think the real cause is often indolence rather than 
Bcardfy of labor. Biri to either case ^ snpply of canal irrigation affords a remedy, 
as It saves both laboms and tronble. 

l^oqitiug in the rich land near the Ganges and a few other favored spots, the nn« 
irrigated eiops of wheat and barley are very scan^, and are said to prodnce only from 
2 to 6 mann^ of gnun per beegah (266 to 640 Iba per acre), and those irrigated once 
or twice yidd only from 4 to 6 mannds (512 to 1,024 lbs. pm: acre). Irrigated three 
times, the crop is said to yidd ftom 7 to 10 nuumds <896 to 1,260 lbs. per acre); bat 
the people told me if tiiey conld hnagate 4 times, nring abundance of water, they 
wonld get from 10 to 16 mannds of grain per beegah (1,280 to 1,920 per acre). 

Colond Caotley states the produce in the Sehanmpoor and Bolnndshnhur districts 
to be ahont 8| mannds per beegah to nniirigated, and 18 mannds to irrigated, land 
(1,089 and 1,702 lbs. per aen). There is certainly a very much greater dififbrence 
than this in most parts of Shahabad; and allowing to some exaggeration in the na¬ 
tive aeconnt shove given, 1 think the stq>{dy and nse of abnndan<% of water to irrigate 
the cropp would double the produce of the g^reater port of the district. 

Wot^ng three times in the imperfect way above described, costs as above shown 
about its. 1-94) per beegah (6 shillings an acre) to the season*, and it is evident that 
the xamey is well laid out. Doubling the rate of water rent leried in ^ North-Westem 
Provinces (that is charging Bs. 1-4-0 instead of Bs. 0-10-0 per beegah), 4 tiiillings 
instead of 2 per acre, we ahonld be able to supply the cultivators with irrigation 26 
per cent cheapertban they get it now, and, in addition^ give them all the advantages 
of 4 thorough drenddngs to their crops instead of 8 sprinklings. They will baides 
have th» canal supply of water all the rest of the yeu without any totoer payment, 
and vrill be able to tnni U to more profitable account in raising nuse valoahle crops 
than the wheat andr barley, which almxe I have calculated npon. 

* Liint.43(a. Batid Smith (page 881, Vol. I., Italhui brigstfam) mSkas It (amitiag i&tmit of sari* 
t«l) ni-ll-Si. Be has, liowevi«,ealcnlsted tin bite «f the aua sad heastsler tbs wtudeyav, white 
ms ceteolatkia mdende eoljr to the period of ialgeting the ipriiig gk^i, Mdag the ttrigetiiw 
■Guonatimo^ wiid aetheyeBr, iherateoomsito 4e*l(NI|. Tim dlfleenwe between this and 
mr Hthnatamey be owing to the mmiei depth of weDe tad the more Ubenl loele d ttrlgstlon. 
But the wegee and ooet o< bolkitib differ greatly tram thoee in bhebahed. 
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1 focod ibe wa^ bags naed in Mahahad hatd on an atwaga about 9| eobic faet of 
water. wwo worked for diort period! «t tlia rate about 95 par bmn^ 
waa not kept up tbrong^«it &e day, and the total number raised deOy waa mU not 
to exceed 150. To be snie oi raakiiif a liberal ealcolation I shall, boweemv^ take it 
atSOO. This tlmrefore I take aa Ike balk of water rwpiiied for ftka of «be^ib(ftha 
of an acre) for one watering, For a whde beegah this giTes 500 bags (000 per aere) 
for one watering, and 9,000 (9,200 per acre) for four waterings, or n £i]l aeaaoB*! irri- 
gaticm. Bat this is for the impeif^ kind of un^^gation practiaed in fthababad. To 
irrigate thoroaghly I ahall anppose doable the qtnntity ef water neoessaxy, (bat ia, 
4,000 bags or 11,000 cnbic feet per beegrii (17,600 cubic feet per acre). 

The irrigating season in Shahabad commences about (be begianfog of Norember 
and terminates at the end of February, It lasts, therefore, about 120 days, Kow 
one cubic foot of water per second for 120 days is 10,868,000 cubic feet, whidi will 
water 942 be^idu or 588 ames. But this is the supply to be driiTet^from (be 
canal, and it is necessary to add to it t^e quantity requiz^ to m^ np for (be was* 
tage in passing down t^ duumel, in order to determine tite di^axge required at 
the canal head. 

269« The foUovring detailed calcnlations of the petformaoee and cost 
of yarioQs irrigating machines are extracted from JProfeasional 
Vol. I. 

The heights sssaiaed for raising the water In each ease are tiune for which it is 
believed the several machines could be most generally and usefully employed. 

The value of the modulus and the nseful effect hr each case are assumed after due 
Consideration of the etmcture of each machine and tbe amount of epilloge or waste. 

1. The (One man employed). 

Watw raiaed 16 feet. Content of bucket a *45 cubic fo^ 

Number of diacbaigea per minute = 8. Biai^ge per hour a 81 cnbic jEeet 

If we take tbe naefol efEect or diacbarge at 90 per cent, we get~ 

Actual Charge per lumr a 72*9 cubic feet a 455'4 gallons. 

2. Bali«p.'-<Two men empk^nd). 

Water raised 6 feet DeliverieB in each minute a 20. 

One delivery a | cnbic foot Ddivety per hour a 400 enMe foot. 

If useful effect a 75 per cent, (ben— ' 

Actual diechea-geper hour a 800 cubic feet a 1890 galloas. 

8. The Single Jfdf.—^One mpa and two bpUocitB employed). 

Water raiaed 40 feet Speed of bullocks a 2 milea an hour.. 

i^>ice gone oim by the bnllodca atone lift a 80 feat Content of bag a 8 cubic 
feet 

Time required for bnlloeiat in tuning a ^ minute. , 

Nnmber of lifta par mbutia a 1*18. 

IMaehaige per bou a 818*6 eubie feat UaafolefEeet a TOperoent 
tiiackcNFajMr Amt a 149*5 a 994 gaQoM. 

Taking (be modnlitt a *9 sod tin weight of the rope, and teg a.4t pqpid% ttha 
raqrixed traotion which the bnlfoete hare to omeoma ia a 265 pflondt,. 
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4. T^e Double lict .—(One man and two bullocks emiiloj ed). 

Water rused 40 fe$t Speed of bollocks ss 2 miles an boor. 

Diameter of barrel » 8 feet. Diameter of bullock wfdk » 16 feet. 

Number of turns of bullock per minute 8-4. 

Total time for raising; the bag 1*4 minute. Content of bag » 3 cubic feet. 
Discharge per boor by 2 bags « 252 cubic feet. Dsefol effect 65 per cent. 
Aotual diechargeper hov/r = 165*8 chfaic feet « 1046 gallons. 

Ratio of power and w^ght« 3 :^16. Total weight to be raised » 460 pounds. 
Taking the modulus*7, we get—Work applied 657 pounds. 

Required traction « 124 pounds. 

5. The &Mgle Peraian Wheel—{Om man and two bullocks employed). 

Water raised 40 feet. 

Diameter driTing wheel — 4 feet Diameter of bucket wheel =: 4 feet. 

At each turn of the bullocks, 6 buckets ate emptied, and assuming the content of 
each bucket — | cubic foot, we have—Discharge at each turn » f cubic foot. 

Length of bullock walk = 02'6 feet, and speed of bnllocks » 2 miles an hour. 
Number of turns per minnte ^ 2*8. Discharge per hour « 126 cubic feet. 

Useful effect» 65 per cent. 

Aetml Maeharge per hour = 62*3 cubic feet » 429 gallona 
Buckets are 2 feet apart. Number of buckets required «= 40. 

Weight of buckets SO pounds. 

20 buckets bdng always fait, the weight of the water they contain is =>= 156 
pounds. Weight of rope » 22 pounds. 

Total weight to be raised >= 258 pounds. Ratio of power and weight» 1 ; 5. 
Modulus » 0*6. WoA applied « 430 pounds. 

Required traction » b 6 pounds. 

6. The Double Per^itm (One man and two bullocks employed). 

Water raised 40 feet. Proportion of gearing » 2 : 8. 

Diameter of driving wheel =*» 5 feet, pitch = 8*92 inches, cogs ** 48. 

Diameter of backet wheel = 8 feet 4 inches, pitch « 8*92 inches, stavra a 32 , 

At each tom of the backet wheel 8 buckets are emptied, the 2 wheels empty 24 
backets at each turn of the bullocks. 

Content of bucket cubic foot 

Therefore : Discharge of w^r at each tom of the bullorim » 2*4 cubic feet 
If the bullodcB work on a lever of 12 feet, the length of the bullock walk is « 75 
feet, and taking their speed at 2 miles an hour, we get— 

Speed of biinockB per minute » 176 feet 

Numbmr of toms per miuate « 2*8. Useful effect =& GO per cent 

Dieeharge per hour « 193 cubic feet ^1242 gallons. 

The buckets ace 1 foot 8 inches apart, and the well being 40 feet deep, the requisite 
number of bneketa for each wheri will be ■=> 60; 80 being always full on each wheel, 
the weight of water on both wheels is « 6 cubic feet» 875 pounds, which is the 
total wein^t to he raised, as the weight of the backets and topca are not taken into 
calculation, (m account of their balancing each other. 

Ratio of power ai^ weight is 10 : 48. 

Taking the tnoduhiB of the machine at *5, We g^— 

Required traction » 166 pounds. 
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^nis oortud wev of tbs tBWddiWB are ju>t taken into consideration. No. 1| or the Paeoottalit is isAen anonit for tJieratio cf 



GHAPl*EIt XLVII. 

OANAi:i EKBIOATIOE'r-MADBAS AND BE^raAD SYSTEMS— 

INUNDATION OANADS. 

«6«. Oastau^ are ^videS into tvro great classda; lihose of Irrigation and 
Narigafion. condirions required to' derelope one of the'former class 

snoeessfally are^leit, I^t it should be carriM-at as l^h a lerel as possiblef 
so as to liare sufficient fs31 to iirrigate the land for a considerable distance 
on both rides of it;' 2hd, That It thonid be a running stream so as to be 
fed by continuous supplies of irater from the parent rirer, to make up for 
that consumed in irrigating' the lands. 

The conditions of the latter are, on the contrary, that it should be a 
still water canal, so that riarigation may be equally easy in both direc¬ 
tions ; and, as no water is consumed except by eraporatiou or absorption, 
and at points of transfer from a higher to a lower lerel, the required 
quantity of hresh supply is comparatirely small, and it is thus most econo¬ 
mically eonstrocted 'id a low lereL An irrigation canal, howerer, may 
and should be, as a rule, Isid out so as to setre for narigation as well; the 
Telocity of the stream being made as gentie as is consistent with its 
primary uses, so as to afford facilities for boats ascending against it as 
easily as possible. 

2»U It is of Irrigating Oaauds, as farming fay &r the more important 
class of the at least as xege^ India, that the ensuing Chapters wilt 
principally treat. In England they we unknown, as the rein-&ll m that 
country is so- ccmsidersble, that the c^jiwations of the farctiec are princiihlly 
direntfld to' cbeakdng the superfluous moisture frOm the soil. 'In Italy, 
where the.riimate is hotter and drier,, there are many fine canals, of whidh 
the late Criouel Baird Snsith has ^ren an interesting record to the profes¬ 
sion. India they hare been used Brora time immeroorial; and at the 
present day, fikiginean, added experience erf'the'past^ are proceeding 
ra^dly in the derelopment of these nseflil works, so largely contri- 
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bate to &e prodnotiTe powoctof the sdl aiui to the seoarity of oonntiy 
fromiiKmme. . ^ 

But, it ii onlj of late 3 ^ 08 X 8 that the tame pmciples oa VMdi sacb 
works shoidd be constmcted have been properly etiidied, <w at all under¬ 
stood. The first canals opened ont by us in India were those whufiihad 
been made two or three hundred years ago, in the tames of the Mahome- 
dan Bmperors, and which had,become useless hf neglect. The alignment 
of these was, in all cases, very defectire, and as money could only be 
spared from time to tame fdr their improvement, cheap and temporary 
expedients were resorted to, to brwg them into use, and moke them pay 
as quickly as possible. At first, too, our Engineers, had no expepence 
of such works, nor was there any available quarter from which, it could be 
derived. Much, therefore, was done by “ role of thumb,” nntil the laws of 
running canals may be said to have gradually worked themselves out. On 
the Ganges Canal, for the first time there wm new ground to work upon, 
and Sir P. Oautley and his able assistants snccessfnlly overcame the diffi¬ 
culties attending that vast project; but much was developed during the ac¬ 
tual construction of the work, and, if it had to be done over again, much 
would, doubtless, be improved. The Baree Dotd) Canal, in the Punjab, 
(also an entirely new work,) was commenced some time before the Qsnges 
Canal was evened, and, therefore, has only partislly benefited by the im- 
provemouts suggested since the opening of the latter. Even now, it may 
be said, that many important questions connected with canal irrigation 
are undecided, but the experience already gained may be fairly summar¬ 
ized for the use of the young Engineer, to bo supplemented by bis own 
hereafter. 

S63, There may be sud to be two distinct systems of canal irrigation 
carried on at present in the North and Sonth of India, which may be called 
the Bengal and Madras systems, respectively. . The difierence between the 
two arises from the physical peculiarities of each country. 

ISie Madras system has been chiefly confined to the Deltas of the great 

riven, such as the Gcriaveiy, Eistnah, &c.(and consists in throwing an 

Ameut or datii across ^the bed of the river to raise the surface level of the 

« 

water, which is than conducted along canals, whose mouths are above,the 
dam, to the lands requiring it). It is obvious that this system is not 
applicable to lands at a fvrj hig^ level above the surface of the river, as 
it would be imposi^le to nuse the water suffidentiy to overflow them. 
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1 %is system is, tlierefors, ooodnedl to dhiTiid tracts, wliivh. baTe been 
formed by deposits from rir^ in a state of flood. 

Nearly all tbe great riTers cl India aretbus diarged wHb silt daring 
the rains. Ih the upper part of their coarse, where the natoral fall of the 
country is great, and the yelocity of the stream is therefore high,, this silt 
is carried forward by the water hol^g H in suEpendon, and the action of 
the stream is generally erosive, and tends to lower the bed; but as the 
river reaches the plains below, the velocity gradually diminishes, and at 
last falls bdow that necessary to cany on the silt, which thus becomes de¬ 
posited. The effect of this is to raise their beds, and cause them to be 
constantly shifting their course, and ako to raise the ground on both sides 
of their banks, often for a condderable width, by miccessive deposits of silt 
when they overflow their banks. Thus, such rivem will not run in the 
lowest lines of the valleys, as in ordinary cases, but there will often be a 
considerable fall from their banks outwards. It is evident this gives great 
facilities for such irngation works, as are above described. 

But, in the rivers of Northern India, although there is a certain width 
of land on each side, (known as the iCXodtr,) Vhich has been formed, as 
above; yet, it is, in general, a very narrow strip. The greater portion 
consists of a high table land (the Bangur\ occupying nearly the whole 
extent of the Doab,* and, in general, rising very abruptly from the khadir. 
It is, therefore, impossible to irrigate this high land by a short cut from the 
river; the dejith of digging would be too great, and the water would never 
stand at a suBflciently high level to bo brought on to the land except by 
expmisive apparatus for raising it. It is necessary to go back to a point 
high up in the river's course, whence the water can be brought on to the 
high land by excavation of a moderate depth, mid by which sufficient 
command of level nmy be obtained, to overflow the surface. 

The lan^ in Upper India, bears two crops a year, the Bubbee or spring 
crop/whit^ consists chiefly of cereals, and other productions of temperate 
climates; and the Khumf or autumn crop, which consists of rice, sugar, 
and other tropical prod^ts. As tlie rivers are at their highest when the 
kimreef requires water, so obvioudy, it is much easier te . irrigate this 
crop, which, however, generally gets a liberal supply from the felling rain. 
But the rubbee, wliich is by far the more valuable, requires water when 
the rivers arc at their lowest, and rain is always uncertain. 

* Doab, lio (two), rti (water). Countrjr between two rlvete. ' 
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S63* After the above ea^Unation, we va&y now proceed! to 4eeonbe the 
Bimplest kinds of canals need th Upper Bidia^ which are genefaUj known as 
Inundation CaadlSf of which there are many existing along the borders of 
the Punjab rivers, by which the kkadir or low land is irrigated. Cute stfe 
made from the river inland, for a certm distance, and are th^ carried in 
a direction generally parallel to the fall of the country, or the course of 
the river. By these, when the latter is in dood, the autumn crop is wa¬ 
tered. But, in the cold season, when the river is low, the canals run dry and 
the spring crop thus derives no benefit from them. During that time of 
year, therefore, laborers are employed to clear the canals of the silt which 
was left by the waters in their beds or heaped up at their montlis, varying 
from 1 to 6, or even 10 feet in depth. The irrigation is carried on meafis 
of branch canals leading from the main one, whence the water is carried 
by minor channels on to the fields. When the levels do not admit of 
surface irrigation, the water is raised from the canal itself by the Persian 
wheel, or a temporary dam is placed across the channel to raise the level. 
Many of these canals have been made for tlw last 300 years, and are still 
in good working order, tliough kept so only by continual labor; their 
course is very crooked, following every winding of the ground, having 
been, in tact, laid out without the use of levelling instruments. No fee 
<)r tax is levied for the use of the water, but in general, the zemindars 
tljrongh whoso lands these canals run, are bound to find laborers to keep 
tliem in repair (who work either gt'atis or merely receiving their food), 
with occasional pecuniary assistance from Government. The nsaau chan¬ 
nels vary in lenglli from five to fifty miles, but they are generally too 
narrow for navigation. 

There are no works at the head to control tlio supply of water, for the 
course of the river is so uncertain, that it may completely desert the head, 
and the water may have to be brought in by a new mouth excavated for 
that season, which again may be useless in the next, or the bank of the 
river may becut away to such an extent as to involve the head works in its 
fall. Under any oircnmstance, there is always a considerable deposit of 
silt at Ijhe head, which would naturally be increased by anything in the 
shape of a dam. 

The silt excavated from the bed during the cold season, is usually 
heaped up close to the edge in rough spoil bonks, and is constantly falling 
in, while the tortuous course of the channel also causes largo deposits of silt 
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at the bends. The aocnmidatioii is stiU further iimreosed .bj the water 
haying no esdt at the tail of the oaeal, which usneUy.ter&nnates in a aniee 
of smdll channels ih the middle of the’distriet. The labor of clearance 
thus becomes a heavy annual charge or draw-back on the benefits received 
from the water, and the nnmeroas deserted channels in various parts of 
the oountiy show that, without snch labor, these ranals wonld soon tilt 
and become useless. Bat, in spite of all defects, they are highly prized 
by the people, and.,the Govenunent has, at different times made huge 
grants of money for improving some and opening out others. 

Iheir nature and the direction wbidh such improvements should take, 
will appear farther on, as we treat of permanent canals. They may briefly 
he said to be, straightening the course, thorough clearance of the channel 
with due attention to the slope of bed, improvement of the banks and pro¬ 
per disposal of the spoil earth; and, finally, where feasible, establishing a 
control over the water at the head, and giving it a free outlet at the tail, 
of the canal. 

1364. The following paragraph is extracted from a Memo, by Lieut.- 
Ool. Anderson, B.E., on Irrigation in general, and Inundation Canals in 
particular 

Irrigation by tneima of canals is chiefly applied to tracts of conntry vMcb .hate 
been formed by the gradnal deposit of allnvial matter, from rivers in a state of flood. 
iThe deposit from the innhdation begins to take place at the points where the velocity 
of the stream is checked ; and this being along the margin of the channel, an inunda¬ 
tion d the CDTUQtiy thxongh which a river passes, will leave behind it a stratum of silt 
in the form of a wedge, the thick -end of which is on the river bank. 

In the conne of time, saceessi-ve annual inundations will thus have formed a slope 
away from the banks, resembling the glacis of a fortiiication. The width of this slopjs, 
will vary according to the natnre and size of the river. It may be only 200 or 900 
yards, and be peroeptihle to the eje, or it may extend to the distance of many 
miles. 

Ihe feature above described is not 6nly to be found along the midn channel of a 
river, bat tdao along its branches. Ho very exteiudve tract of country has been 
formed by ’ the inundation and consequent deposit from a single stream. On the 
contrary It must have been the work of many. 

The channels of all rivers, nnless when confined by rocks^ have been more or less 
liable to change their course. By referring to a map of any Delta, the reader will 
observe that the ehaxacteristic of the Drita f<a!m, is that a river as it approaches the 
aea, should split up into two or more branches or arms, which again may he subdivid¬ 
ed into smalliu ones. Eadi hian<^ has a tract of country within its infioence, and 
serves to extend the area of alluvial deposit, dther by raising its banks, or by extend- 
it% the Delta seaward. 

It ia a emumott oecunenoa to find* dry beds of riven in alluvial plofiu^ possesaing 
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aU fte characteristics of the existmg channels. In some eases ohaimeUi majr be foimd 
of sBoh capad^ as to riiow without doabt, that they are deserted beds of the nudn 
stream $ in othms there may be incUcations of a .partial and gradoallj d imini s hing 
sapply haring reached them, which, by snccessire aimnal deposits, has curtailed 
their section to SQch an extent as to admit of thrir being adapted as itrigatioh 
e^ BTiweUj or if left entirely in their natnral state, soch channels may be silted up 
completely by anccesslye deposits from flood watw, and by drifted sand and dos^ 
until they may be no longer perceptible, and all that is left to mark their coarse is a 
ridge of high land. 

It will thus be seen that an nllarial plain (so called) is not made np of an eqnable 
deposit of allarial matter to the right and left of tiie main channel of a river, bat on 
the contrary by that from a number of channels, some of which may snbseqaently be 
obliterated. The fall of the country also, instead of only following tire coarse of the 
channel, will be affected equally by all the others. Intermediate between the 
channels, the ground will be low, and the line formed by the intersection of the two 
planes sloping away from their respective banks, will evidently indicate the course in 
wbidi the drainage from those plains will tend to flow. Such lines will be found also 
on tile extreme boundaries of a Delta,-*-rcceiving on one side tiro drainage of a por¬ 
tion of the Delta, and on the other that of the countiy independent of it. 

After these remarks it is time to explain that the irrigation of a tract of conntiy 
is based on very simple principles. SnppoSing that a supply of water is required for 
tlic laud near the bank of n river, which has ceased to over-flow it, hut which may 
rise to the lip of the channel, then as the country foils away from the river, it will be 
readily understood that a cut through tiic bank Mrill give the means of irrigating the 
ground beyond. This may be considered the simplest form of irrigation. Again, if 
the surface of the river falls so considerably below the lip of the channel, as to be in- 
capable of supplying water to the ground at a distance, by means of a cut carried at, 
right angles to the course of the river, the difficulty may be surmounted by excavat¬ 
ing a channel in on oblique direction ; for the coarse of a river is never straight, and 
an artificial channel may bo formed in a straight line, which will carry the water to a 
higher level, than that of the surface of the river at any point opposite to it. For every 
mile of its coarse, it thus gains something on the surface level of the river, and it be¬ 
comes a matter of simple calculation to And how for it will have to be carried, before 
the water issnes on the surface. For instance, if the fall of the river surface is one foot 
per mile, bnt with a tortnons course of one half more than the direct line, an artifidal 
channel with a fall of one foot per mile, running pari^el to the general course of the 
river, that is from point to point of curves, will for every mile of catting gain six 
inches on the river. So that if the surface of the water at the head of the cut were 
five below the lip of the diannel, it would gain that amount on the river in ten miles.^ 

If the cut were excavated in gioond on the same level as that on the margin of the 
river, the water it carried wonld then come to the surface and be available for irriga¬ 
tion ; but as the ground falls, at right angles to, as well as with, the course of the 
river, the required level would bo attained by a cat less than ten miles in length ; or 
if the toll along the eat, wme less than one foot per mile, say six inches per mile, 
the water would come to the surfaeo in five miles, or less according as the ground 
might be levri, or slope off in the direction of the cut. 

It will .be readUy nndentood that the hi|^ ridges and the old chonnris, above dea- 
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eribed, indicute the most wtitoble alignmeiit lof a series of Irrigation chaonds. The 
object would be to coadaet the trater from the river to the crest of such high lands, 
and then, for the channels tdong them, to amnge as far as may be practicable, that 
the excavation, shall be no more than sufficient to fnrnish the material required for 
the embankments, whidi ^onld retain the water at as high a level as possible, con¬ 
sistent with tbok t^ilily. If (ho depth of water admitted into the head of the 
main' channd is materially than what is dne to the river at its fall height, the 
depth of the excavation at the head will increase in proportiem to the diSorcnce ; and 
it will then be an object, in order to moke the cutting as inex}wndve as possible, to 
cany the line of the channel throogh low ground, nntil the water would how on the 
surface. The irrigation limit is then reached, and the channels should be continued 
along the highest ground, that will allow of the water continuing on the same level 
with it or above it, as may be found most suitable for the locality. If the ground 
were level on both sides of the channel it would in many coses be indispensable to 
- have the surface of the water above it; but in the other hand the soil 'may bo ill- 
adapted for withstanding picssnie, or for preventing percolation ; and to avoid the 
occnrrencc of breaches, it ifiay be desirable, to keep the height of the embankments 
within very moderate limits. 

Heads of Inundation Canals.—A channel opening direct from a river, and un- 
im}vided with a sluice or other regnlating work at its head, is snbject to the two 
following disadvantages. It is subject cither to have its supply increased to an in¬ 
ordinate extent dnring high freshes, or to have it cut off altogether. In one case the 
euiMut of the river may set on the mouth of the canal, or on the bank above it. If 
the soil is liable to erosion, it will be cat down and washed into the canal: the head 
of the canal itself would bo enlarged; and such destructive action would only bo 
limited by the duration of the fresh. The greater tho fall of the canal iu tliis case 
^ the greater the evil. Or, on tho subsidence of the higher freshes, the stream may 
have moved to the opposite bank of the river, leaving a mass of sand bunks between 
it and the head of the channel, which it would be impossible to cut through in time 
to replenish the supply. In this ease the loss the fall of the channel the greater tho 
evil. Both the above contingencies must be common in all Irrigation channels which 
are opened from a river with a shifting bed. Li the latter, a temporary bund may in 
some cases be effectual in replenishing the channel, but it bos generally to be cuu- 
structed before the freshes have ffnally ceased, and is very liable to be destroyed just 
as it is cmuploted. Though a new head may be formed through the sand banks for 
the imxt season, it is next to impostible to cut through them at the close of the riuns, 
with a falling m@r, and when the water nnder the surface of the sand bank stands 
on a higher level than that of the liv^. 

Tho viedent action on the month of the chanuol when the river seta against it, may 
be checked by revetments, ^ynes and such like defences, but they must also have the 
effect of diverting the action of the stream from its natural course, and thus tend to 
throw it off towards tho opposite bank. Supposing that there were no other dif¬ 
ficulties to suimonnt but the two I have specified, they might be overcome by the 
conetraction of a head sluice, with defences against oncroaehment, and of a groyne 
running from the opposite bank, so as to force tbe stream of tho river to pass along¬ 
side the head slnicc. In many cases however the coimtniction of such a groyne would 
be impracticable. The river might bo too largo, suitable material not procnrahle, 
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and the expense of maintenance of the groyne itself, and the river defences which 
it would necessitate, wonld be too great, to be justifiable, unless the channel were 
of very high importance,—and in that case a dam or anicut across the river would 
be more efficacious tlinn a groyne. 

It is an object of high importance to fix the heads of channels in positions where 
they will be least liable to silt up, in order that they may have no greater obstacle to 
contend with, than wliat is inevitable,—that is, the chance of an insufficient height of 
the freshes. Unfortunately, unless in a river which flows in a permanent channel, it 
is impossible to find a site, where the head of an irrigation channel will not be expos¬ 
ed to silting. The advantages of any sites will only be relative : no general rnles, 
either, can be laid down for selecting tliem ; so inueli must depend on local pecu¬ 
liarities that what might be sought after on one river, would have to be carefully 
avoided on another. It will depend on the nature of the soil, full, &c., and the height 
of the water, whether it is advantiigeoim or otlicrwi.se to expose the head of a 
channel, U> catch the full effi’ct of stream in the river. In some places this might 
be a desideratum, in others it wonld sitnpl) dc.stroy the channel. 

I will therefore confine myself to a few observations on portienbir cases on which 
i have found channels to 1 k> dcfcelive or otherwise. 

When opened so ns to have the strciitn in the river bearing on the head ns much 
as possible. If tbe soil is not extremely tcmieious, the banks at the head of the 
eluinn('l will be wa-sliod down, and the niiitcri.al thus displ.nerd will block up tbeehon- 
:m'!. If the sides of the head are revetted, a great part of the oil may be averted, but 
u Will be found that this will not prevent sand banks uec'niiiuluting iti front of the 
ni'".!!!, and if the stream nets on the bed, ii large <iuatiti(y of material may be carried 
f<». ward tt> the lower poi lions of tbe ebannel. 

If a eaiiiil is opened from a batik wbieb tbe river sliows .a ti-ndeney to set against 
and ent down at any point above tbe bead, then tberc must be evident danger of the 
r.mal being choked up by the material which woiiH be washed down. 

In the case of a river whicli is liable to oeeasion iiiisehiiT of this kiiiil, the most 
-Miitnbli; point for opening a channel is vvdiere there, will nlw.-vys be a sntlieient depth 
of w'.ater without any violent stream suding on the banks. I’erhaps the most suitable 
of all conditions wonld be, if the river pa.ssed jit right angles to the head of the 
ebannel, but as there eonld be no eerlaint v of its eoininuiibg in that direeiion, it 
v^'onld he better to avoid sueh a site, and to st.Ieet one vvliere the water would be 
eoinparatively stagnant. I’or instanee, if the river flows in the direeiion shown iu 
the adjoining diagram alter rereding from a curved channel, 
which it may liave formerly cut for itself by cncroaebmeiit on 
the b.ink, or if A lie tlic tail of a creek or arm of tberiver whicli 
leaves the main rliaiiind at some j>oitit higher up, there will be 
a backwater there, ami, although the stream may )>ass over the 
sand bank or island with eonsiderahlc velocity in the freshes, it 
will be less than that of tlic main stream, and less likely to do 
mischief. The ]ioint A would therefore be n good site for the 
head of the irngatinn ebannel. It must he observed that the. 
baekwator may be of recent formation, and that its month may 
tend to advance down-stream, so tlint care should be token to 
have the head of the channel sufficiently low down to guard 
against the contingency of the channel in front becoming dry, and at the aamo time 
not so low as to bring it within the influence of the main stream. 
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Tt will frequeutly be found that there is no elig^ibk site for tlie head of a channel 
in the bank of the river in an interval of many miles. The river may have receded 
towards the opposite bank, leaving a mass o£ sand banks between it and the point 
w'herc the channel may be required. In snch rases, however, there i.s generally the 
dry channel of the river or of a branch of it, running along the foot of the bank, and 
it may be necessary to follow it up to its head, and perhaps to dear it, in order to 
make use of it as an artificial channel. The head of such a channel, if there is any 
choice on the matter, should be selected on the same principle as that of an artificial 
channel, earc being taken to Img the bank as mnrh as poasibic, or at least to remove 
all the soil cxcav.ntcd, to the side which w’ill be furthest from the action of the sti'cam 
in freshes, or it would otlicrwisc be washed into the channel. 

In some cases there may be no alternative, bnt to ent through the bead of a sand 
bank with the knowledge that the effect of any excavation will only be temporary. 
There will then be great danger of the .wpply failing when the river subsides, and 
should it do so, there will be uo I’cuialy, unless it may be that the creek leading to the 
canal may bo large and may derive a partial sujijdy, though on too low a level to 
suffice for the wants of the caual. In this cose, u buud across it immediately below the 
head of the lalter may be of some service. 

Head —If the canal is to he furnished with a sluice, it shonid be constructed 

as near the heail as is consistent witJi its stability. If the hank of the river, and the 
head of the channel can be rendered si-cure against injury at a moderate expense, by 
means of revetments or groynes, the efficiency of the canal would be much promoted 
by constructing them ; but if the ri ^ er is not tolerably permanent, and thorp is the likeli¬ 
hood of the canal head being left nt times high and dry, with tlie necessity of oi)cning 
a new head at some ]H)int higher up or lower down the river, the sluice and works 
connected with it would be rendered useless. When how’cvcr there ai‘e no sneb disad¬ 
vantages to contend against, it w'ould seem highly desirable that every channel slinnld 
have its head slnicc, in order that any excessive siqiply of water may be i)revented 
from entering. Unless it is built nt the bead of the channel, this advantage cannot 
be obtained without the inconvoniciiec of a de])Osit of .<^ilt in the cliannel between tlie 
head and the slnicc. The extent of this will of course depend on the height of the 
water, and the time during which it is held up by the sluice. If tlic interval between 
the sluice and the head is considerable, this evil, would be serious ; and in many cases, 
it would bo better to construct the sluice at tlie head, with the clmnceof its being des¬ 
troyed. This, however, is a question to be decided sejiarately for each case on its own 
merits. If a slnicc is required to prevent innntlation, and if disastrous effects would 
ensue from its destruction, it might be advi.sablc in such cases to have a second .sluice 
in reserve, at a sufficiently safe distance from the head. 

Slope of Bed .—Where the fall of the country is tolerably uniform, the slope of 
the bed of the main channel should be less than that of the liranehcs, which again 
should be less than that of the minor channels and ents. The object of this is to 
secure as far as possible a miiforni velocity, so that the alluvial matter held in sus¬ 
pension may be carried on from the head, and deposited uniformly over the lands 
irrigated. 

As to the actual full which should be given to the main trunk of u .^inul, apart 
from the consideration of expense or in fact any considerations, bnt that of the 
maintenance of the channel in good working order, I would name 6 inches per mile, 
in prefe,renee to any other, for alluvial soil of moderate tenaeity—-on the supposition 
that the depth of water will be fn>m 6 to 10 feet, and tlie widtli considerable (say 
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100)—beiug nearly the same that 1 have observed has been adoj)ted by channels in 
their nataral etate, in similar soil. I would by no m<»ms insist on this being the 
best fall in all cases, 

1 assume the slope of bed to correspond with the sIojk: of surface, bnt it may be 
desirable to cut down the head of the canal, so ns to yield a smaller slope of bed, in 
order to obtain a sn|)ply of water at an curlier date in the season. But the lied always 
tends to follow the slope of surface, as will lie obvious from the consideration, that if 
the depth is greater towards the head than it is at some point lower down, the velo¬ 
city (supposing the width l« be the same) will be less, and silt will consequently bo 
deposited until the vehx-ity thniughout becomes uTiifonii. Such a diminished slope 
at the head must therefore render necessary a considerable annual clearance. 

On the assumption that a surface fall of (i inches a mile, or suy 1 in 11,000, is 
Euitahle for the main channel at starting, with a width of lOO feet, 1 proceed to show 
tlie rate at which the fall should he incri'ased a.s the siipjily becomes lcs.s. 

Let us sujiposc that hraiiclics are drawn oiT, taking a certain proportion of the 
water, and that the width of the main channel is reduced iiy succcbaivc degrees to 
a wiiHh of SO, 00, 40, and 20 f«‘t t, and that the depth is reduced successively to 5J, 
6, 4J and 1 feet, but that the velocity throiighont is maintained, at what it hud at 
starting with a width of 100 feet, depth 0 feet, surface fall .I'T inches per mile,— 
namely, 2‘1 feet per second. By menus of the hyilraulic foi-uiiila, 1 (iud the foil of 
{iiirfucr iT(iuircd in the. different ea.scs will he (!'4, 7, 7 0,10 3, iiiche.s ]tcr mile. From 
tue ti'i ininns, let a channel leave with a depth of 3 feet and width of 10 feet rctlnced 
ailcr consinuiit.ion of a portion of the. supply of water, to a width of 0 feet and depth 
of "Jj feet.; the velocity to be the same as luToiv. The fall ivcpiired for these 
elin'iiicls will then be 14 « and lO'.'i inclics a mile ; and if we sup]iose the Icngtli of 
< a' h of the first niciifioncd chunnei.s, or n-iwhcs of chauntd, to be 10 miles, and that 
of each of the two lust to be *> miles, the whole fall from the head will be somewhat 
more than 45 feet, and tlu’ whole dishincc being 00 miles, the aierngc would he 0 
iuvhes per mile. If the full of the country did not admit of so high an average, it 
niight be easily reduced by niaint.ainiiig n greater depth in the ehaiinels and diminish¬ 
ing the width. If for instance, ill the ease nbovc-mentioued, the depth for .10 iiiiles 
had been maintained at fi feet, the total fall rc«|iiircd would only have been 20 feet, 
or on the average G\ inches jier mile. 

The above will be suiricient to indicate the mode in which the .slope of the channel 
sbonid be regulated in onler to prevent neenmulations of silt. In practice a canal is 
never perfectly aligned on this ])rinei[)le, but unless it can be sliovvii to be defective, 
as I have no reason to think can bo done, every cnd<‘Uvour should be made to adhere 
to it, in designing a E3’8tein of Irrigation works, so foi- as local peculim'itics and other 
circnnistnnecs ])ermit. 

The accuniulntion of silt in channels, particularly in the main channel, is not only 
ft serious im|>c<limcnt to maintaining a supply of water till the crops are matured, 
hut the clear.'mcc may be enormonsly expensiv'e. Even if the silt cannot be carried 
on to the fields, as in a perfect canal, at least one step in advance is gained, if it 
IS prevented fiom accumulating in tlie main channel; for the maintenance of the 
supply in it is the most essential point, and if there arc deposits in the branches 
only, it may be possible to clear them in turn, without cutting off the supply from 
the river; or if this might not be feasible with the branches, it would bo stv at 
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All eventa with the smaller irrigation channels ; and it would not only be advantageous 
to throw' on the silt to tliem, and to clear them in turn, without cutting off the supply 
of water from the branches, but the clearance would evidently be much less costly 
from them, than it would be from the larger channels. 

Wluai the fall of country is so gentle as not to allow of the fall of the channels 
being gradually increased from G inches a mile, it -would be neccs.ssaiy to reduce the 
initial slope somewhat. A very slight reduction, w'oiild, as it affects the whole of the 
channels onwards, in the aggregate, amount to something considerable. 

If, on the other hand the fall of country be too great, the initial slofie may be 
increased, -with, if necessary, a rednctiois in tlio depth of water; or if the fall of 
country is rapid at first and afterwards more gentle, the desired result may he attain¬ 
ed by constrnctiug perpendicular drops at intervals. 

Any change of direction causes a certain loss of velocity, and the water thrown 
into branches and minor channels would lose, velocity, in passing through the head- 
sluices, unless they possessed the full water-way of the channel. Due allowance 
would have to be made for this by adding somewhat to tlie slope at the heads of the 
branches and clianncis. 

The principle above described of the necessity of keeping up the velocity to the 
point of the delivery of the water, is so obvious, that it must have occurred to every 
one, who has had mnch to do with Irrigation works ; and I should not have thought 
it necessary to dwell upon it, at such length, had I not reason to believe that it is 
very much lost sight of in practice. 



CHAPTER XLVIII. 

PERMANENT CANALS—SOURCE OF SUPPLY—AMOUNT OP 
WATER REQUIRED—SLOPE OF BED—SECTION OF 
CHANNEL—ALIGNMENT OF CANAL, 

26(>. Wu now come to Canals of Permanent Supply, of which the 
greatest examples now in use are the Ganges, J!Suree Doab, and the East 
and West Jumna Canals. 

The first point to bo considered in designing such a work is, the Source 

Suppljf. This will always be a river carrying a perennial stream (in 
Northern India fed by the snows of the Himalayas) ; and the only question 
is, at what point in the river's course we shall take off our supply, t. e., 
fix the head of our canal ? 

From what has been said above (p. 308) it will appear that this point 
must be high up on the river’s course, so as to obtain plenty of command 
of level, and get on to the high ground without much heavy digging; and 
it will generally be found, that for this purpose, it is necessary to go either 
to the spot at which the river finally leaves the hills to flow through the 
{dains, or to a point, at any rate, not far below that spot. Moreover, at tliis 
point tlie water (except in freshets) is pure and free from silt, the great 
enemy of canals, and the course of the river is restricted within narrow 
limits, so that by dams thrown across the river bed, we can easily divert 
tlie water into our new channel. 

The above considerations are so important, or rather, peremptory, that 
they outweigh the disadvantages of the arrangement, which are, indeed, 
very serious. For, the country so close to the hills having generally an 
excessive fall, and being, morever, intersected by hill torrents, the carrying 
of the canal through such irregular ground entails serious difficulties, which 
require the greatest engineering skill and a large expenditure of money, 
to overcome them. 
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The selectaon of the exact spot for the head of a canal is a task requiring 
much careiul consideration. The chief principles by which the sclectiop 
will be determined, besides those already indicated, will appear as we pro¬ 
ceed. 

IB06. The next question is, Hmv much water do we want ? for on this 
depends the size of our canal; and this is determined partly by the area of 
land to be irrigated, and partly by the quantity of water that can be obtain¬ 
ed from the river when at its lowest. In Northern India, however, the 
area of land requiring irrigation being practically nulimited, the question 
becomes, “ How much water is available from the river or source of sup¬ 
ply at its lowest?” For though at first sight it might appear feasible to 
make the canal channel largo enough to carry an extra quantity of water 
when the river had plenty to spare, experience has proved that as this extra 
water would be available for one crop only and that the less valuable one, 
the advantage of this arrangement would rarely compensate for the extra 
cost required to be incurred on the channel and masonry works. The mini¬ 
mum discharge of the Ganges is reckoned at 8,000 cubic feet per second at 
Hurdwar, where it leaves the hills, and the Ganges Canal channel is made 
to pass 6,750 cubic feet of the above supply. It might, at first sight, bo 
imagined that the abstraction of so large a quantity of water from a naviga¬ 
ble river would seriously interfere with the navigation below, but, the dis¬ 
charge above noted is only that of the visible stream. Tlie water above 
sinks down through the permeable strata of tlie bed and reappears below 
the point where the canal is taken off, and experience has shown that in 
the lower parts of the river, the interference with navigation caused by the 
large amount of water abstracted above for the canal, is practically not felt. 

It is evident that the effective work of a cubic foot of water discharged 
from the canal, for irrigating the land, must depend upon variable data, 
such as the nature of the soil and the crop, the distance the water has to 
be carried on to the land from the main channel, the humidity of the at¬ 
mosphere, &c. 

The average assumed for drawing out the projects for the Baree Doab 
and Ganges Canals (derived from data afforded by the Jumna Canals) 
was, that each cubic foot per second of discharge was capable of actually 
irrigating 216 acres; and reckoning that for each acre actually watered 
there would be two other acres either lying fallow or being watered from 
wells or rain, then each cubic foot would represent 654 acres, (say one 
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square mile,) of culturable land, more or less dependent on the Canal. In 
the Soane Canal Project (1861), Col. Dickens reckons three-fourths of a 
cubic foot of water per second, for every square mile of gross area. 

By the Report of the Superintendent General of Irrigation, for 1860-61, 
each cubic foot on the Eastern Jumna Canal, actually irrigates ^96 acres. 
In Madras, one cubic foot per second of discharge is reckoned sufiBcient to 
irrigate 40 acres of rice, or 100 acres of sugar. Our canal data are as yet 
too imperfect to be able to speak precisely on these points, and it is 
evident Umt the conditions are very varying. So long as the present 
system is continued of paying for irrigation according to the area watered, 
and not according to the amount of water taken, it is evident that there 
will be great waste. 

The method of calculation adopted by Sir P. Cautley in the Ganges 
Canal, was to reckon the expenditure of water per lineal mile of canal 
which from practical data was taken to be 8 cnbic feet as the maximum. 
In the Sutlej Canal project, 6 and 7 cubic feet have been taken. This, 
however, presupposes that the main and branch lines have preriously been 
fixed upon; it is a very convenient form of calculation, as it enables us to 
regulate tbo size of tbe channel along the whole course of the canal, 
diminishing it as the water is gradually expended. 

If the canal is to be a navigable one, a certain minimum depth must be 
assumed everywhere, so that the amount of water required for that mini¬ 
mum must be allowed over and above the quantity to be expended on irri¬ 
gation. On the Soane Canals, 600 cubic feet per second have been set 
apart for navigation alone; on the Baree Doab Canal, 130 feet; on the 
Ganges Canal, 400 cubic feet. 

A large area of tbe land through which the canal takes its course may 
be unfit for cultivation. The soil may be bad or swampy, or it may be 
reserved for forest or grass preserves, or occupied by towns or canton¬ 
ments. All this has of course to be taken into consideration in fixing tbe 
area actually available for irrigation, whence the amount of water required 
must be determined. 

Suppose we desire to irrigate a particular district, say 200 miles long 
and averaging 40 miles broad, lying between two rivers by cutting a canal 
from one of Uiem, and carrying it along the watershed of the country. 
The total area of such a district would bo 8,000 square miles. Now of 
this our maps would show us (say) that 1,500 square miles were khadir 
land, which could be irrigated by wells or by small canals cut from the 
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river, leaving 6,500 square miles of harigur to be provided for, from which 
another 1,600 would veiy likely be deducted for town sites, swamps, forests, 
&c., leaving 5,000 square miles actually requiring irrigation. At the 
rate of 1 cubic foot per square mile, this would require a canal with a 
minimum discharge of 5,000 cubic feet per second. Or, if we reckon 8 
cubic feet as required for each lineal mile, we should require 625 miles of 
canal; but, practically, the lines of irrigation would be first arranged on 
the map from the levels, and thence the amount of water would be deter¬ 
mined and might be compared with the area calculation. 

Should the amount of water required not bo obtainable from one river 
only; it is possible it might be feasible to take a supply from both. If 
not, then the greatest amount that can be obtained from one when the 
river is at its lowest must, for the reasons above given, be assumed for the 
calculations. 

J867. Width of Channel .—The proportion of depth to width on the 
Western Jumna Canal, being that which the stream has in course of years 
formed for itself, was foimd by a series of trials to be about 1 in 13. On 
the Baree Doab Canal, the proportion fixed in construction was 1 in 15; 
for the Sutlej Canal, 1 in 14. It is evident, if the canal is to be naviga¬ 
ble, that the minimum of width must always be sufficient to allow of two 
boats passing each other, while a minimum of depth (usually 2^ feet), 
must also be allowed to float the boats. 

The side slopes of the canal channel will be arranged generally accord¬ 
ing to facilities for excavation, for unless the slopes are made very fiat, or 
are turfed at a great expense, the action of the water will in ordinary soil 
quickly cut them to the shape at which they will ultimately stand firm. 

S68. Having determined the quantity of water, and fixed the propor¬ 
tion of depth to width, and a minimum for both, chiefly with reference 
to navigation facilities, there yet remains a very important question to 
be determined before we can devise the section for our diannel, that is 
the Slope of the Bed. 

If this slope is too great, the bed of the canal will be tom up, and the 
foundations of all bridges and other works will be endangered. Besides 
which, the difficulties of navigation against tire stream will be largely in¬ 
creased. 

If, on the other hand, it is too small, a larger section of channel will be 
required to discharge a given quantity of water, and, as will be explained 
further on, many additionid works will be required in the shape of Falls, 
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Locks, &c.; there will also be danger of silt being deposited in the bed, or 
of the stream being choked by the growth of aquatic plants. ^ 

It is therefore necessary to steer clear of both extremes; but it is not 
always easy to do so, and in general a compromise has to be made. More¬ 
over, as the velocity increases very rapidly with the depth, it is evident that 
a slope of bed which might be a very proper one for water of a certain 
depth, would bo too great if it were necessary to increase that depth so as 
to throw an extra supply into the canal. 

The minimum velocity required to prevent the deposit of silt or the 
growth of aquatic plants may be said to be about 1-^ feet per second, so 
that if a minimum of depth be fixed, we can find the minimum of slope 
necessary to secure any given discharge. Under ordinary circumstances 
this may perhaps be fixed at 6 inches per mile, though it is occasionally 
even lower than that. 

The maximnm is not however so easily fixed. It must in the first place 
vary with the nature of the soil of the bed. A stony bed will stand a 
velocity of 3 feet per second, while sand will be disturbed by a velocity of 
6 inches. Again, the maximum velocity at which a boat can be navigated 
against the current at a profit is evidently a very intricate problem, de¬ 
pending on such varying data as the moving power employed, whether 
steam, animals, or men; the description of boat, value of the cargn, &c. 
And without such a calculation for any particular loC/ality, it is evidently 
impossible to determine whether it is worth while to undergo a heavy 
additional expense in reducing the slope (and, consequently, the velocity) of 
an irrigating canal in order to fit it better for navigation purposes. If the 
saving thus effected on total traffic annually conveyed would defray 
the interest of the increased capital required for the proposed redaction of 
slope, then it would doubtless bo desirable to make that reduction, looking 
at the qncstion from that point of view only. Bnt there is a limit to the 
reduction of slope beyond a certain minimum, as explained above, owing to 
the paramonnt necessity of preventing the deposit of silt in the canal 
channel, and though 6 inches per mile has been given as the minimum 
limit which would not under ordinary circumstances interfere seriously with 
navigation, still it must depend of course on the fall of the country and 
the nature of the soil, and so difficult is it often found to combine the 
requirements of the two purposes, irrigation and navigation, that it has 
been seriouSy proposed to provide for the latter by separate still water 
diannels, made alongside the running canal itself. 

VOL. n. 2 T 
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In some experiments made on the Ganges Canal, it was fonnd, that at 
a velocity of S'76 feet per second, the water just ceased to cut away the 
bank, and slightly deposited silt. With the ordinary soil of the plains of 
the N. W. Provinces, which is a light friable cTay, and taking everything 
into consideration, perhaps 3 feet per second may be taken as a safe maxi • 
mum velocity for these canals. 

The upper part of the Baree Doab Canal has a fall of 4'2 feet per mile 
over a bed of shingle and clay, liut navigation at tliat point was not re¬ 
quired. 

The Ganges Canal starts with a fall of 2 feet per mile, which soon 
diminishes to 1*25 feet, and this latter may be said to bo its ruling gra¬ 
dient. With a depth of water not exceeding 5 feet this gives a very 
manageable velocity, botli as regards the safety of the works and the 
navigation dofon-stream. For Hp-stream navigation it would he advan¬ 
tageous to reduce it. But when fi, 7, or 8 feet of water are thrown into 
this canal, the velocity due to the above full is doubtless too high. 

In the'Sutlej Canal project, Captain Crofton has fixed upon 2| feet as 
his minimum depth of water at full supply, and has arranged his declivi¬ 
ties of bed so that the calculated mean velocity of current shall in no case 
much exceed 3 feet per second. 

For the Soane Canals, the velocity has also been fixed at about 3 feet 
per second (2 miles an hour), the side slopes being to 1, and a bottom 
width equal to the depth plus one, squared, in feet. 

269« The following Memo, on this important subject from Major 
Crofton’s report on the Ganges Canal will be found very valuable:— 

Velocities of mirrent .—In a portion of the channel of the Eastern Jumna Canal 
lying in the old bed of the Mnskurm torrent, where the current seemed prefectly ad¬ 
justed to a light sandy soil, M^or Brownlow, the Superintendent of the Canal, fonnd 
the mean velocities of the surface to bo from 2*38 to 2‘28 feet per second, or mean 
velocities (multiplying by 0'81), 1‘928 to 1‘847 per second. 

In the lower district of the same canal, near Barote and Dcola, the maximum 
surface velocities with a fair supply were found to* be 2’817 and 2'607 feet per secondt 
or mean velocity of 2*262 and 2‘03 feet per second. Silt is constantly being depo¬ 
sited here ; the soil is similar to that beW Sirdhanna on the Ganges Canal. 

About 1000 feet below the Ghoona EaJls, on the same canal, in very sandy soil, with 
nearly a full supply of water, I found the maximum surface velocity to be 8*077 feet 
per second, or mean velocity 2*492 feet per second : no erosion from bed or banks, ex¬ 
cept when a supply, much in excess of the maximum allowed, is passing down. 

Below the Nyashahnr bridge on the same canal, where the. soil is very similar to 
that between the Myapoor and Kunkhul bridges on the Ganges CanAl, clay shingle 
and small boulders, laeutenant Moncrieff, R.E., the Officiating Superintendent, fonnd 
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the mean surface velocity to be 6'7£1 feet per second, or the mean velocity about 
6'468 per eecond. 

The same officer observed the surface velocity at sonic distance below the Tarpom 
Falls in the new centre division channel of the Kastem Jumna Canal, and obtained a 
mean of 8*957 feet per second, or about S'205 feet per second mean velocity through 
entile section. The soil here is light and sandy, and tiie channel has been both 
widened and deepened l>y the current. 

In one of the rtybuhas (or main water-courses) of the sane canal, I found weeds 
growing in the bed and on the sides with a maximnm surface velocity of 2*12 feet 
per second, or moan velocity (V) of about 1*717 feet per second; the soil is sandy 
with a fair admixture of clay ; silt accumulates to a troublesome extent 

In another rajbuha in the same ncighbourhuud, 1 found a surface velocity of 2*38 
feet per second, or mean about 1 *927 feet. Silt deposits here, but no weeds appear to 
grow. 

In the Mubmoodpoor left bank rajbuha on the Ganges Cimul, I found grass and 
weeds growing in the channel with a maximum surface velocity of 1*724 feet per 
second, or mean of 1 *396 feet. 

In the Buhadoorabad Lock Clianiiel, Ganges Canal, weeds appear to grow wher¬ 
ever the maximum surface velocity is 2*38 feet (or mean velocity 1*928 feet per 
second or under); soil generally light and sandy. 

On the Ganges Canal I found vclotdtics as follow ;—Below the Eoorkee bridge on 
the main canal, where the deepened bed is covered with sill and erosion from the 
sides has ceased, the mean velocity in the entire section, with a supply loss than the 
present nuLximum on tlie Roorkco gauge by 2 inches, was 2*92 feet per second ; the 
soil sandy with a tolerable admixture of clay. 

In the widened channel at the Tugbulpoor sand hills, mile 36, the mean velocity, 
with full supply now allowed to pass down, obtained by calcnlation from the area of 
the water section and the discharge observed below Boorkee (deducting expenditure 
en route) was 2*632 feet per second. 

In tlie embanked channel across the Solanl valley, with a supply 2 inches un¬ 
der the present maximum on the Koorkee gauge, tlic mean velocity, obtained by eal- 
culotiou from the area of water section there and the observed discharge through the 
masonry aqueduct, was 3 04 feet per second The deepest portions of the channelling 
out here, I have stated elsewhere, have been silted up. 

At the 60th mile, main line, below the Jaolee Falls, with (present) full supply in 
the canal, the observed mean velocity was 3*069 feet per second. Erosion from the 
banks has ceased here; silt on the deepened bed, soil sandy. 

Above Newarree bridge, 94th mile, in a stiff clay soil with full supply in the ob¬ 
served mean velocity, was 4*117 feet per second: erosion trifling here; no silt deposit. 

Obtervations eowimtoiicated by Captain Dyae, R.E., Director of Canals, Purffob, 
—On the Hauai branch of the Western Jumna Canals, silt was deposited with mean 
velocities of from 2* to 2*25 feet per second. The deposition of silt, however, obvi¬ 
ously depends on the quantity and spedlic gravity of the matter held in suspension 
by the water coming from above, and the ratio of the current velocities at different 
points along the channel. 

He states, from observations'on the channels of the Baree Doah Canal, that in sandy 
■oil <‘2*7 feet per second appears to be the highest mean velocity for non-cutting as a 
general rule, for there are soft places where the bed leill go with almost any velocity;' 
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bnt those sorts of places can be protected.” Again, “bad places might be scoured 
ont with a mean velocity of 2'5 feet per second, but better soil would be deposited in 
place of the bad with a slightly smaller velocity than 2'5 feet; and as the supply is 
not always full, there would be no fear of not getting that slightly smaller velocity 
very frequently. The good stuff thus deposited would not be moved again by any 
velocity which did not exceed 2'5 feet per second. 

In “ Neville's Hydraulics,” 0*83 or 1*17 feet per second are mentionod as the lowest 
mean velocities which will prevent the growth of weeds. This, however, will vary 
with the nature of the soil; vegetation also is much more rapid and vigorous in a 
tropical climate than where Mr. Neville made his observations. 

In Capl. Humphrey’s and Licntenant Abbot’s reports on the Mississippi, 1860, it is 
mentioned that the alluvial soil near the mouth of the river cannot resist a mean 
velodty of 3 feet per second ; and that in the Bayou La Fonrche, the last of its 
outlets, which resembles an artificial channel in the regularity of its section and 
general direction, and the absence of eddies, &c., in the stream, the mean velocity does 
not exceed 3 feet per second, and the banks are not abraded to any preceptible extent. 

From the foregoing and other observations, which it would encumber this paper 
too much to place on record here, and taking into consideratiou that the higher the 
velocity the less the works will cost, I think the following may be taken as safe mean 
velocities with maximum supply in the Ganges Canal channels. 

1. In the Ganges valley above Boorkee, 8 feet per second. 

2. In the sandy tract generally between Boorkee and Sirdhanno, 2*7 feet per second. 

S. In very light sand, such os that met with at the Toghnlpoor sand hills, not 

higher than 3*6 feet per second. 

4. And for the channels south of Sirdhanna, 8*0 feet per second. 

On the branches the same data to he assumed according to similarity of the soil. 

There are soils, as Captain Dyas has noted, sneh as light quicksand, which will 
not stand velocities of even 1 foot or foot per second, hut these ore never found to 
any great extent in one place: erosion there can only have a local influence, and such 
places can bo protected at a trifling expense. It is channelling out on lohg lines 
which is to he feared. 


270* From the above considerations, therefore, we can now determine 
the section of the canal channel by the help of proper mathematical for¬ 
mula:. 


Let D = the discharge at any point in cnbic feet, A the area of the 
channel section in square feet, and V the mean velocity, at that point in 
feet per second, then of courso D = AV. 

Now to find y, many formnlce have been given by Dubuat, Neville, and 
and other anHiorities on hydraulics; some of which are very elaborate. 


Major Crofton uses (from Neville) V = 


Vr d being the hydraulic 


memi depth,* s the denonunatpr of the fraction denoting declivity of bed, 


* Foond by dividing the urea of the channel section below the water line by the water oontonr 
(i. e,, tee length of tee bottom and sides of tec section). 
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the nnmerator being unity, and C a co-efficient, which he takes at 90 for 
velocities up to 4 feet per second, and 93 for high velocities, such as those 
of hill torrents, &c. 

Dwyer’s formula Y = *92 /s/2dSj d being the same as above, and a the 
slope of the bed* in feet per mile, is recommended as ample and sufficient¬ 
ly correct for all ordinary cases of canal discharges. 

In canals actually runuing, the velocities may be also dctenmned 
by direct obsertration, as in the case of a river [see above, para. 84]. 

The observations for discharge of the Ganges Canal channels taken for 
the purposes of Idajor Orofton's report were obtained as follows:— 

Two cross sections of the stream were taken at a uniform distance apart 
of 200 feet, the depth of water being measured at every 10 feet or less 
along the width of each section. 

The velocities were obtained by noting the times of transit at several 
points in the width of the stream of floats from the npper to the lower 
section; these floats were made of painted deal rods about an inch square, 
loaded at one end so as to float nearly vertically and pass as close to the 
bed of the channel as possible without touching, their upper ends projecting 
a few inches above the waters surface. They were found in every case to 
float in a line closely parallel to the thread of the current. A very near 
approximation, it is evident was thus obtained to the mean velocity in the 
vertical piano traversed by each. A correction for the small height of 
the end of the float above the bed was applied to each velocity before using 
them for the calculations of discharge, viz. 

C (or multiplier of velocity) = 1 — 0116 | ”■ } 

where 

D — depth of water. 

D,— length of rod immersed. 

This was given in the report on the Mississippi by Captain Humphreys 
and lieutenant Abbot, as obtained by Mr. Francis, in his experiments at 
the Lowell Water-works, where velocities of current were observed in a 
similar manuer to the above. 

Velocities were observed on the Ganges Canal and elsewhere, also by a 
current meter of similar construction to that known as Woltmann’s hydro¬ 
meter, as well as by surffice floats, but no method yet tried seems so 
satisfactory as that of the floating rods. The decUvity of the water’s 
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earfaoe was also in most cases observed for the purpose of comparison and 
obtaining reliable co-efficients for calculation. 

27St To illustrate the foregoing, let us suppose that in the instance 
above given at p. 817, 4,000 cubic feet were available as the minimum dis¬ 
charge, and that we determined to make our chimnel accordingly. We will 
fix on a fall of 1‘5 feet per mile as the rul¬ 
ing slope, and*.excavate the channel with 
side slopes of 45°; then to find the neces- 
saiy bottom width AB of the channel at 
the head ,* let the depth be to the width as 1; 15 and call the deptli a:, so 
that AB = 16Xf then CD = 17a;, and the area of the section = 16a;’, 
also os AD — BC — V2a:*, the wet contour 15x + 2a; V2, and the hy¬ 
draulic mean depth = d = i Dwyer’s formula, V = 

*92 \/2d« = ‘92 /s/iid = *92= 1*5 Var, and discharge = 

D = 4,000 = 16a;* X 1*5 Vx = 24 V x‘; hence V x* = 1C6’67, and 
X = 7*74, therefore 15x the bottom width = 116 feet. Or we may 
assume a value for x, and by trials approximate of the real value. Or, the 
depth of digging may be determined for us by our levels, which would also 
determine the bottom width, if it is to be 15 times tlie depth. And if 
these dimensions would not suffice for the required discharge we should 
have to alter the ratio or else increase the slope of the bed. 

The section of the w'ater channel and slope of the bed being thus 
determined, it is evident that the surface of the water may either be within 
ioilf (as it is termed,) that is below the natural surface of the ground, or 
above soil, when it will have to be retained by artificial embaiikuients. If, 
not merely the surface level, but the whole body of water is above soil, the 
embankments must of course be very massive and may require to be pud¬ 
dled to render them water-tight. In the great Solani embankment, the 
water is retained within a solid masonry revetment on each side, backed up 
by an earthen bank averaging 16 feet high and 40 feet thick. 

Although the water being thus rused above soil greatly increases the 
facility of irrigation by its command of level, it is evident that the con¬ 
struction of such embankments involves great expense, and that if any 
breach occurs the damage done will be very great. 

SS74« The most favorable conditions are obviously when the canal water 
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is partly within and partly aboTe soil, so that the earth excavated from 
the channel just snfficea to build up the banks, while there is sufficient 
command of level for dl irrigating purposes; and the nearer this can be 
approximated to, the more perfect will the canal be. The following would 
be such a section:— 


Let 2 a = width of canal at foot 
B. 

d =: depth of canal AB. 

X = required depth of dig¬ 
ging. 

Let A = area of bank above EC, 
B == canal be below 



DE, 

Then whatever be the position of the natural surface, A and B are constanta. 

What we wish is to determine the depth BN so that the area, BFGK shall a 


EEHPQ. 

i. e., B - EFGD = A Hh EFHC 

. ED - 4 - FG ,, ^ . . EC -f UF 

I. /■., B -- J - X (rf - a-) = A -I--i- 




i. e., j (Ei:> + FG) 4 - (EC-H HF)} = B - A .(1) 

liCt EC = hf let a =: inclination of EB, J3 a inclination of HP. Then HR = CR 

cot = — a*) cot /3, SF = (d—x') cot a. And HF = A (d — ») (cot a - 1 - cot 

/3 EC -f* FH ~ 2 A 4" (^ ®) (cot a 4“ ^‘Ot ]3). 

Now ED — AD 4" AE zz o 4“ ^ cot £c I , 

rG = IIG4-FH = fl + xcota} ED 4-FG = 2 « 4-(d 4-*)cot«. 

Hcncc, substituting in ( 1 ) 

“ f I 2 o 4 - (d 4- ®) cot a 4 - 2 A 4 - (rf - «) (cot a 4- cot j 8 ) J = B - A. 


2 

<i — « 


I 2a-f-2dcota4-2A-(-d cot/3 — *cot/3| =:B — A; ad — ast -f-d* 

d* «p' X* 

cot a — dar cot a -1- Ad — Ax 4" ”S“ cot /3 — dx cot j3 4- - 3 - /3 = B “ -A. - 5 - cot 

d* 

j 8 — x(a 4-dcoto4-A-pdcot/3)=B — A — d(o 4 -A) — d* cot a-g- 


cot /3. 

From Which equation we can find x. 

Take an example, let a = /3 = 46“. 

Then cot a =: cot /3 = 1 

Let o = 60, d = 8 feet, A = 40. PQc 26 feet, QT = TM 6 . 

.•.CM = 37. Then B=: ad 4 . ~ = 4S2Jk= X 6=180. 

2 2 

Equation becomes — x (106) = 432 — 186 — 8 x 90 — 64 — 82 = 674.x* — 
2 

212 * = — 1148 , whence x = 6’6. 

For sanitary reasons it may be denrable to keep the water as a general 
rule within soil, but the effect of this will be to increase greatly the cost 
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of the canal—and if, as is often the case, a sandy stratum nnderltes the' 
superficial clay it is very unde^rable to dig down to the former, as much 
water may thus be wasted by leakage and absorption. 

875 1 Alignmmt of the Canal .—^The steps to be taken in fixing the line 
of tiie projected canal and in marking it ont when approved of, will be 
similar to those described in the Section on Boaob. The gradients have to 
be duly considered in both cases, thongh much more carefully in the former. 
The requirements of the different towns and villages, which, in the case 
of a road have to be considered with reference to traffic, will have chiefly 
to be viewed in regard to irrigation, and secondarily only for trafSc in the 
case of a canal. 

The obstacles to be avoided, whether mountain torrents, swamps, hills, 
&c., are much the same, and the more elaborate methods of overcoming 
them required for canals, will be described further on. 

If no good map of the conntiy exist, one must be made. The next 
step will be to got a series of cross sections of the country to be irrigated, 
from river to riter, by means of lime of ievels, from 1 to 5 miles apart, 
and having a direction at right ^gles to the watershed or supposed 
watershed; these are connected by lines carried along the river banks. The 
country being thus covered with a network of levels all reduced to the 
same datum line, and marked down on the map, the general line of 
watershed along which (as has been shown) it is desirable as fer as possible 
to carry our canal, will, at once be evident. This line efitting the cross 
sections nearly at right angles, should then be carefully levelled as a trial 
line, as well as any other alternative line that may present itself, and on 
this the general project will be based. 

876. The following hints, drawn np by Major Crofton, R.E., for the 
Punjab Irrigation Department, on taking levels for a canal project, and on 
subsequently laying out the line, will be foond useful:— 

Tri-al LmeUing and Surveying. —^In addition to the levels of tic country surface, 
a rough survey or reconnoissanee is required, which should give information on the 
following points, viz.:—^Approximate rites of villages or towns, lines of drainage, 
roads, railways, did watc]>course3, canal channels (main or rajbnhas}, edges of high 
(«bangnr**) land, remarkable buildings, wells, nature of soils, crops, trees, &c. ; 
position of stone or knnknr quarries, See. 

Hie places between which roads mn, and their bearings (if r^;nlarly lined out), 
ahonld be noted; if on embankment, the level of the top surface should be taken. 

The bearings of regularly lined ont canal channelB or irrigation cuts, and the 
levris of their beds at points of crossing, with cross sections at right angles to the 
direction of each, showing level of full supply, im required. 
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tha aicbea if dun be no flooiiig, bigbest flood marie, aazafoUp no^ 

Wbarerar a wril ia mat with or iiaed as a banob-mail^ the laral of t3ia su^Ma of 
rite water dionld be noted; rite d^th below the bend^'inark can be meaeuted wirii 
enflfeientaocflrac^bpriiecliiua. If water la baong dmim from tiie well, riw enifaea 
will in geoenl be abnonqallylow, in which caae the height at which it nsm^f atmda 
when not in use ahonld if poadble be aecertained. The tpulily of the water, whether 
aweet or bneMah, aboold alao be noted. 

These observations of the sorfiioe levri of the springs ahonld never he omitted, 
when opportnnity offers} it is a point of ooimdetabld importanee. 

The color and description of the soila, vdiether sandjr, dsyej, &o.; the presence of 
the white or brown efflorescence known as‘*»h*’or <‘hidltir*’8hoald be noted. ^ 
A complete deUnearioa of the dxrinage lines of the country being one tff the pri¬ 
mary obj^ of the survey, too great cam cannot be taken in aaoBitainfwg thrir po¬ 
tions. They auy he divided (excluding riie large rivms) into two claasea) tlm flnt 
eerily recognusble by their size; well drilned channels nmniog in valleya at eome 
depth below rite general level of the conntry a4jcflning. Into these and the rivets, 
innnmerable channela of the seeemd daae discharge themselves, riie exact posiriens of 
which ate not always to be detected by the kvri alone. They nsnally rise in iheria 
lying cloee to the watershed, and thek coutaea am maikcd by a asriee of jheela con¬ 
nected by intermediate low lends} a black, clayey soil, ** rdi/* rank grass, and drops 
requiring frequent izrigriion, sneh as sugar-cane, cotton, Ac., gmenlly mark the 
places where water has lain or over whi<h it flows in cimsidetablo qaaDrify. No land 
of this deectiption should be paaseil over without enquiry as to whether it k flooded 
during rain, and from what direction the water comes and whither it rnns off. "Beh/* 
if contained in the soil, alw%^ rises to the snifece whwe water has lain for any tima^ 
and appeiza in groateet qaantity doting the cold seamn. 

liargo towns or vIllageB will almost invariahly be found ritoated doec to lines of 
draimige, or low gcotind where water collects after tain. 

Sand hilla , or very eaody soil, generally marks water-ehed on the ** baagnr.*' 
Where a nnUah or drainage line ia otoaeed, and the level of the lowest pmnt of the 
bed is bbeerved, gnat care ahaald be taken to aseeriain whethm this p<flnt is on tihe 
getaetal levri of the bed j if otherwise, the dlffereooa above or below 8k:^d be mea¬ 
sured anA,Aoted. 

WbMtt an in^oBMhle obleet lies directly In the Hue <ff direction of tbelevab,iti 
ahonld be passed rirast— * 
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tbfit is, it^erevcr it is neccssoiy to diverge for a short distance from the given line, 
it should bo rejoined as soon as the obstacle is passed. In plotting the sectioti, the 
points A and B, and C and D should appear identical. 

Bench-marks should he established at intervals of about 3 miles in general, and one 
close to cverj largo nullah or lino df drainage, ns well as at the ends of each cross 
section or line of levels Existing haildings to be prefcared for the purjiose. 

All Canal, Bond, Railw'ay, Creat Trigonometrical Survey, or other bench-marks 
met with en route, should be connected with the lino of levels. 

The error or difference in any circle of hjvels ought not to exceed one foot per 
hundred miles traversed, errors arising from incorrect Reading of the staff, 

not holding it vertically, high wind, and such like are inseparable from ali levelling, 
but tliese will not be found to aecumu^atc if the work las carefully douc. Attcn- 
doncy, however, has long been ohstirved, though us yet unaccounted for, to a small 
cumulative error in the direction of the levels ; but this is not found to affect prac¬ 
tical operations materially. Where great accuracy is retpiirert, such as in the proof 
levels of a canal channel, it is advisable to Icv'cl twice over the same stations W'ith 
the same instrument, the second level being carried in the reverse direction to the 
first; the mean reduced level of each station will he as nearly accurate as it is pos¬ 
sible to obtain it. 

For the purpose of determining water-sheds on or near to which it is au object 
to carry inigntiug channels in a generally level country such as wc have to deal 
with, cross sections at intervals, iterpendicnlar to the supposed water-shed, or line 
running ccntrically between the drainage lines on either side of the water-shed, will 
be found most advantageous in economizing time and lal>or. No rule can be laid 
dowm for the distance between any two succes-sive cross sections ; it mu.st be regulated 
by the features of the conntry. For the general alignment of the main channels 
between two lai^gc rivers, the interval should not exceed 10 miles. For the actual 
lining out, and for the minor channels, the interval probably should not exceed five 
miles, or possibly less; tliough in most cases, I believe, it will he found to answer 
the puriio.se better to map out the drainage of the country minntcly than to take 
cross sections at smaller intervals than five miles. 

Cross Sections should be connected by longitudinal lines between their extremities 
to test the accuracy of the work ; the latter, unless intended for some other special 
purpose, may be carriotl on the most direct lines between the joints to be connected. 

Wherever drainages ore met with, enquiries should he made,as to their courses 
both above and below the line of levels, names of villages near w’hich they pasS, Ac.; 
^y thus observing them in each successive line of cross section, a veiy complete plan 
of the drainage of the conntry is obtainable, as well as a connected series of levels 
along the beds of tiio outfalls. 

Similar information to that detailed above should he obtained with all levelling or 
surveying for rajbuhas, drainage projects, or any other work connected with ini- 
gation. 
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In levelling for the lon^tudinol section of a river, the line shonld follow generally 
the main water channel, the stations being invariably on the bank or dry ground 
near the edge of tlie stream. The level of the sorracc of the water at intervals 
(noting date), of ordinary floods and highest known flood; the position of top 
and foot of rapids (if any) and level of surface of water at each point to be noted. 
The depth of water to be measured in the deepest part of the channel whore the 
surface level has boon observed. Cross sections at right angles to the direction of tho 
river should be taken at intervals and connected with the scries of levels, showing the 
lied, surface of water level of ordinary and highest known flood. Tho survey should 
show all minor channels and aiHuents (if any), and as nearly as possible tlie extent 
of land under water in high floods. The nature of the bed, whether of boulders, 
sand, clay, &c., should bo carefully noted. 

A prismatic comptiss held in the hand will be found very useful in filling in details 
off the line of the .scries of levels. If the variation of the needle is not identical with 
Uiat of the level employed, the hearings should be reduced before entering iu tlie 
field book to the meiidiau of tho latter. Most of the side measurements, where great 
accuracy is not required, may be made by pacing. Two and a half or three feet paces 
will be found most convenient as admitting of easy reduction to feet 

The scale generally for protraction of levels should be 1 mile to I inch- For the 
scctious, the hori/.ontul scale same us for the protraction ; the v crtlcul, 1UO times tlio 
lioi-izontal. Larger or smaller scales may be necessary for special purposes; but 
iilwuf/s ijieusure.s ot aliquot parts of the t>nc-mile-to-tbc-inch scale. 

Oil every protraction of levels, besides the heading, the following must never he 
omitted. Date of tho survey, name of the sui'veyor, scale and meridian line ; tlie 
iiumlicrs attached to the several stations on the section to be identical with those on 
the protraction. 

All details noted in tho field-book should bo transferred to the protraction or sec- 
lions ; a sketch and a short description of each bench-murk to be entered on the back 
or margin of the sheet in which its iK)sitiun is shown. The information is thus more 
accessible tlian if old field-books have to be searched for it. 

If a map is to be comi)ilcd from levels or surveys taken with more than one in- 
Ktniracnt, it will be found best to protract the work done with each instrument on 
sei>urute sheets, to be subsciiucntly transferred on to the map, 

Sitrcftf and lining out Canal Channels. — I*}-eUminar;/ Survey, —After the posi¬ 
tion of the line, which may generally be assunic^l a.s the watershed, has been ap¬ 
proximately determined by means of the cross sections, or othonvisc, an accurate 
tro verse with the theodolite sliould he taken over it, including a survxy of the ground 
for about half a mile in general, or further, if deemed ncccsssary, on each side, which 
should give infonnation on the following points, vis.: features of the country, if ir¬ 
regular ; nullahs, lines of drainage and jhcels wherever met with j sand hills 
or ridges ; towns and villages, w'ells, buildings, whether of masonry or mud ; roads, 
whether regularly lined out or merely cart tracks—if the former, the bearings should 
be taken; places between which they run (w'hether tracks or made roads), mid 
w'hcther they are lines of traffic or merely village commmiieations, should be care¬ 
fully ascertained (this is useful afterwards in determining the sites of bridges); 
village boundaries, &c.; such miuntio) as the boundaries of fields arc unnextessory ; 
those of gardens may bo useful; in fact, everything whicli is likely to Iks of as¬ 
sistance in determining the precise line, or which it would bo advisable to avoid 
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if poBsible. A sorvoy of this nature, carofnlly taken, will generally admit of 
choosing a line which will injure property or disturb existing rights in the least pos- 
Bible degree. 

The accnraej of the trarerso is the point to be chiefly looked to ; the distance be¬ 
tween the stations on it shonld be as long as possible ; nercr, if practicable, less than 
a mile, os the probabilities of accuracy in (haetration are greater in the case of long 
than short sights, and the plotting is easier as well as more likely to be accurate. 
The sights to the station poles should be taken as in ordinary traverse snrveying, but 
shonld show the magnetic bearing of the lines, or their supplements; thrae should be 
checked by repeating the observation at each station, thus >Clamp the nppor plate 
on zero of the lower and tix on back pole; then tom npper plate ronnd to sight fore 
pole, noting the angle in the field-book ; this angle should equal the difference of the 
magnetic bearings tint observed. This will check the directions of the traverse lines. 
To check the distances between stations :—Fix cm n well defined point some distance 
to one side, say a mile, and observe to it from every station from which it is visible. 
If the distances have been mcaanrod and plotted corrcctl}', and the bearings are ac- 
enrate, the latter will all meet in one point on the map. 

The stations may be marked on the ground by large pegs, about three feet long, 
driven well in. If their fntnre identification is an Object, and there is a chance of 
the pegs being destroyed or removed, a ghnrrah filled with charcoal, buried at some 
dep& below the surface of the ground, will give the means of finding their sites 
a^n with anffieient accuracy for all practical purposes. The surest way, however, 
is to note their distances and bearings from any easily recognized and permanent 
objects which are not likely to be disturbed, if such should he found snfiiciontiy 
near for the pnrpose. It will bo fonnd most convenient to fix all stations on mounds 
or rimng ground. 

All bearings taken with the theodolite fhonld bo noted to the smallest portion of a 
degree its gradnatinn will admit of ; for, althongh they cannot be. plotted nearer than 
to a minute, close observations are nccessaiy to ensure accuracy in a long lino of sur¬ 
vey. Bearings sbould be taken to all well defined objects, such as spires of temples, 
&c., wherever visible ; though posrfbly useless for the special purpose of the survey, 
they may be of importance hereafter in giring the means of joining on other surreys 
to any of the traverse stations. 

The angles on the side surveys may be taken with a good compass, prismatic, or of 
any other description available ; the actual bearings, as shown by the instrument em¬ 
ployed, being cntm'ed in the field-book, i. e., no correction being made in the field for 
the variation of compasses (if any"). Villages should be traversed ronnd, so as to 
determine their outer limits, but no interior snrvey is required. These shonld he 
connected with points on the main line of traverse ; the correctness of the junction 
line may be tested by observing from several points on it to some object in or near 
the village (such as a lai^e tree, house, &c.), whidt has been well connected with the 
boundary sarvey of the village. 

As the choice of a good line and the actual lining out on the gronnd very much 
depends on the accuracy of map, this should be placed beyond a doubt, if possible, 
b^ore the line is chosen and marked on it. The time occupied in taking check 
observations and measurements in the field will be well repaid by the facilities afford¬ 
ed to the subsequent work by a really accurate plan of the country. 

It will be found convenient to have two descriptions of poles (jhundees) for setting 
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ap on stations to which obBerrations are tn bo taken, one for am in windy weather, 
mounted witii a ; the other when the air is calm, with a s ma ll " moon ” (made 
bj covering a wooden hoop with calico), abont feet diameter; as a flag when 
not flying free is scarcely more distingniriiahle at a distance than the hare polo. On 
the revenne snrvey, poles pointed in foot lengths, white and black alternately, are 
employed, which makes them visible at a far greater distance than the common 
nncolored bamboos. 

The position of the actual watcr-shed near the line of traverse should be carefnlly 
ascertained and noted on the map. 

Lining met. —If the levels of the water-shed admit, the nearer the line of canal 
approximates to it the better: the interfer^ce with the snrface drainage of the 
country being then the least possible. It shonld be laid down in straight lines as far 
os practicable; the fewer the corves the better; none, unless in special eases, of less 
radios than three miles or 15,000 feet, thoogh curves of 5,000 feet radius on the Barco 
Doab Canal have been found to answer very well. It is of course a desideratam to 
avoid villages, buildings, and valnable property of all kinds if possible, and this 
can generally be effected without sacrificing the primaiy considerations which 
should ppiide the choice of a lino, if the map be accurate and give sufficient detail. 

Wherever the water-shed cannot be adhered to exactly, ground should be chosen 
from which the siufacc drainage can cither bo passed into the canal channel or turned 
off in some other direction; othenvise jhccls and swamps will form after rain on its 
watcr-shed bank. It should be considered, however a standing rule, that no drainage 
water should entor tlic canal channels, large or small, unless it be imjwgsibk to dis- 
l)ose of it in any otlicr way. 

The centre line of the intended channel having been laid down on the map, and 
from it transferred to the ground, all boundaries, &e., can subsequcntlv be demarcated 
from it. In laying down curves rai the map, the use of “ French curves,” or card 
board cut to the reejuired shape, will he found to facilitate the process considerably. 

The following is recommended as the least laborious method in the description of 
-uontiy with which wo have to deal, of transferring the line on to the ground, and is 
Biifiicicntly accurate for all practical purposes. 

First, for the straight portions. Find the approximate tiearing of the line and 
meaanre offsets to it from two survey stations, say two or throe miles apart, on the 
map. These offsets measure off on the ground ; two points arc thus obtained in the 
required line, which jpay then be produced either way at pleasure. 

Where a curve is required, produce the tangents (obtained as above) on the ground 
till they meet, marking their intersection os described for survey stations ; the angle 
between them may then be observed, and their lengths found by calculation for a 
curve of the radius previously determined on the map. Measure off these lengths 
from the intersection, marking the commencement and end of the curve thus obtained 
by large pegs. In cases where the intersection falls on ground from which the lines 
of tangents are not visible, the angle between them must be obtained from the map, 
and the lengths calculated therefrom. The points marking the termini of the curve 
being thus determined on the plan, they must be transferred to the ground lines by 
m(»uutement from some points fixed by the snrvey. 

In laying down the curve kself, it will be sufficient for all practical purposes to fix 
points at such intervals that the versed sine of the intercepted arc should not exceed 
0*26 foot, or thercabont. Those points may be obtained by offsets from the tangents 
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when the maximran lenj^th of such offsets does not exceed 2)0 to 85 feet •, above this 
limit, it will be advisable to adopt the method of offsets from chorda, Calculate the 
number of chords of a constant length (1000 feet or 2000 feet answer best in practice), 
and the length of the remaining chord contained in the curve. Proceed to lay thmn 
down in the usual way with theodolite and chain conitnencing from one end of the 
tangent; if coirectly done, the end of the last chord wall fall on the peg marking the 
termination of the other tangent. 

If there is some small difference on closing (and in a long curve this generally 
occurs iii direction } seldom in length), correct thus— 



Supposing A O' D' E' B' to be the line bjb laid down on first trial, and A C B E B 
the correct one ; the distance B B' being measured, the corrections for the other chord 
ends or distances E 1C', D I)*, C C', may be found bj assuming the space between the 
two curves to be a triangle, and the lines, E E', &c., to be drawn parallel to the base 
B B'; B B' and the lengths of the chords and the entire curve being known, the 
corrections arc easily obtained ; then returning over the curve, correet the lawitions 
of the pegs marking chord ends. If the difference in the Ictifft/i of the curve is 
considerable, it udll be advisable to go over the work altogether again ; this, however, 
with careful work seldom happens. 

Having thus fixed the ends of the chords, lay off the offsets distant from each other 
not more than 200 feet, if on a enrve of three; miles radius or Upwards ; on curves of 
less radius the interval should n<*t exceed 100 fet;t. Tlicse points may be inm*ked by 
pegs about ] J foot long. 

Chords of 2000 feet in length will answer for curves of 3 miles radius and upwards; 
for radii of 2 miles and 1 mile, 1000 feet chords. 

In laying down long straight lines it will be found advisable, and in very uneven 
ground absolutely necessary, to use one or two signals of 
much greater height than the ordinary flag staff. Such a 
signal maybe made, as shown in the annexed sketch, by 
connecting two bamboos, say 40 to 60 feet long, in the form * 
of a ladder, joined at top, and about 5 feet apart at bottom, 
by CTO .8 pieces at intervals; a “ moon,” formed with a wofxlen 
hoop strengthened with cross pieces and envered with calico, 
being fastened at top ; the centre of this moon is then ad¬ 
justed over the line by a plummet, and the whole is secured 
in its position by three guy ropes attached to large pegs. 

Other methods of laying down curves may be necessary where the ground is much 
onenmbered with obstacles ; but for the description of country usually mot with in the 
plains of Northern India, the method above described will, it is believed be found the 
simplest and most practical 

The ends of curves should be marked by a small cube of masonry sunk to the 
level of the ground, as it is difficult afterwards to find the exact positions, if some 
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penuanent mark be cot made at the time of lining out. Sench^marks of maaonry (one 
foot cube 'wlU answAr) should bo sunk to the Jevel of the ground at inteirals of 600 
feet along the central line of canal, and numbered on top to denote the distance from 
the zero of longitudinal measurement Those denoting even thousands of feet to be 
marked with integers 5 the iutemediate ones tlms, « J.” It will be found a great 
saving of time if the positions of those bench-marks be marked simnltanconslv with 
the lining out, and this may be done by driving in two pegs Urns ; — 


Central 




line 


O peg 

PoBition of B. M, 


On straight lines one chain only is necessary ; on curves two should be employed j 
one in mciisuring distaikces along the chords, or tangents (as the case may be), for the 
offsets, tiic other meanwhile following along the cun'c. Uy this metans tlie nick 
cun be cut and the beiicL-marks laid in immediately in the wake of the surveyor ; and 
the .sooiuT tills can be douc tlic lictter, for none hut imu'ks of masonry will long 
remain where jicoplc and cattle are constantly going to and fro. 'I’lic bench-marks, 
liouckcr, should not be waited for to commence cutting the nick ; this should be 
dug at oiicc about half a foot flcc]>; a long narrow cut is not easily eflfaml. The 
oiarkiiii; out and cutting the iMuiudary nicks should follow that of the central line. 
’( tlicrc i.s any fear of the bencli-miu'ks being injured by cattle, &c., cover them with 
•i -inuli liOid pillar. 

Th«- Jiniii for iricasiiriiig distances along the central line sliould be exactly 100 
icct long, and its length should be c'onstuntly checked, ns this mcjisuremcnt must be 
us uccnrtitc ns it is possible to make it. 

The zero of lougiciidinal njcasurcmciit for the central channel of a cnnal is the face 
<^>f tlie uij-streiuii head wall of the regulating bridge at the head. TTor the branches, 
or any minor clnmncls, the same line on their rosja'ctivc regulating bridge heads. 

The details of all curves, such as the angles between the tangents, length of tan¬ 
gents, number and length of chords, &c., reduced distimees from zero of longitudinal 
uicaSHrcincnt, of cxtrcnulie.s of ennes, crossing {loints of roads, nullahs, &c., and 
all other items of information likely to be useful hereafter in the con.straction of the 
works, stiould he noted in the- field book oh the spot. 

In aligning tlie minor irrigation cliauucls, so great accuracy is unncccssaTy, as curves 
may be more frequent and of smaller radius ; but tlie .same care should be taken as 
in the case of the larger cluinncls, to avoid as far as possible injury to existing 
property or disturbance of existing rights. 

For proilucing straight lines on Uie ground, a theodolite is unnccosHaty j a good 
reconnoitring tclcscojic will bo found to aiisw'er the purpose perfectly. 


277t In the actual construction of the line tlie Cuttings will he laid out 
and made like road cuttings, but it is evident that the Embankments must 
be different, as they have to retain within them a large body of water. 
Their tliickness must, therefore, be very great on both sides of the water 
channel, and they vary in mean widtli from 30 to 100 feet, according to 
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the depth of water. If leakage occurs they must hare a wall of puddle or 
be otherwise rendered water-tight. 

The method of constructing the cuttings and embankments has been 
sufficiently treated of in the Section Earthwork. 

278* In the annexed Plate are some cross sections of the Ganges Canal, 
taken at different points along its course, showing tlie channel as originally 
excarated, and the following account of the method of excarating the 
most difficult portion of the line will be found interesting. 

-PVow ihs Puttri Supei^jtasfage to the Rvtmeo jRiver ,—^This is perhaps the 
most interesting line of work that has been excavated. The length is equal to 
16,810 feet. On its course it passes through a ridge upon which the villages of 
Gnrh and Sa 3 mibaB are situated ; and with the exception of the super-soil, to a depth 
of from 71 to 20 feet^ it is entirely excavated through earth impregnated 
with springs. 

The work was tedious and very expensive; it required, moreover, the constant 
vigilance of an active supervisor, to see that what was done in one day, was not by 
the action of the springs undone the next. The spring-water, which is kept down by 
impervious superstrata, rises immediately it escapes from its bondage. At a nulla, 
which is intersected by the canal, water runs in a perennial stream. The difficulties 
of excavating this portion of the canal, may be comprehended by explaining that the 
stream in question, naturally runs on a level of 8T8 feet above that of the on^nni bed. 
This nulla was merely an external exhibition of the spring level throughout the 
whole line of countiy now referred to. 

After removing the super-soil, or that unconnected with springs, on escape was 
made near the above nulla. The distance from the Puttri to this nulla is 10,804 feet, 
so that, in making use of the escape, for tlic relief of spring-water during the excava¬ 
tions, a considerable slope was available. The direction of the spring current was 



from north to south, or from the high to the low land. The canal channel intersected 
this at right angles. The Executive Engineer’s plan of operations will be best un¬ 
derstood by diagrams showing the line in plan and section. 
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The trae aection of the canal in ite fall depth is represented by the dots. The way 
that this was reached will be understood by tlie shade C, Kg. 2, which represents a 
ditch or canette, in this case a catch-drain for the spring-water which flowed in the 
direction of the arrows. This cnnette was carried along the whole line of excaTation, 
and terminated in tlie escape No. 2. Both cnnette and escape w@^ maintained in a 
constant state of efficiency as regards the free mn of water. By the interposition of 
canette C. that portion of the canal channel at D, Kg. 2, was excavated without tron- 
ble, as it was entirely cut off from its spring supply. The process was a very gradual 
one. As the depth of the cuuette was increased, so did the portion D become relier- 
fld of its difficulties. It was an operation requiring especial care; and in a pecuniary 
point of view, the greatest attention to prevent the work of one day being obliterated 
by the action of springs during the night-time. The whole work was however 
completed, satisfactorily. 

379. The considerations which determine the site of the canal head 
have already been noticed. The canal should be made to tail into a 
rivei or nullah, into which the surplus water unexpended will be discharged, 
and in order to secure an efficient scour, it will be advisable slightly to 
increase the velocity at the end. A fall into the outfall nullah or river is 
generally the best way of effecting tbis. 

380. The points at which Branches should be taheu off from Ihe main 
iine os well as the general course of these branches will be fixed from 
a dtip consideration of the levels of the country and the extent of cultur- 
able land requiring irrigation. If the main canal has been carried on or 
close to the watershed or backbone of the district, then the branches 
should be lined out as far as possible on the minor ridges which lie on 
both sides of the main ridge, the object in every case being to keep a 
sufficient command of level for surface irrigation. There is a further 
reason foif carrying the canal channels on watersheds wherever possible, 
viz., to ensure the minimum of interference wdth the country drainage, the 
importance of which will be explained further, on, and to ensure an 
efficient scour at*'the tail of the channel. The size of the branch channels 
and slope of their beds will be dependent on the same principles as those 
already noted in the case of the main line, and the same remark applies to 
the Rajhuhaa or distributing water-courses which are led off from the main 
and branch lines, and from which it is now the most approved practice to 
deliver the water for tlie actual irrigation, its further employment being 
left to tlie cultivators. 

881. Bridges of communication are reqnired wherever roads cross the 
csnal, and for the general convenience of the country. On the Ganges 
Canal they were designed at about every three miles; and, when in the 
von. II, 2 X 
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vicinity of large viUagee, are provided with gh&tt or steps for convetuence 
of bathing. Care should be tidten to provide safBcient headway under the 
arches or openings for laden boats to pass easily when the canal has its full 
supply. On the Soane Canals 13 feet arc allowed for this purpose, and it 
is also desirable that the obstruction to the stream presented by the piers 
should be as small as possible; for this purpose it win generally be advis¬ 
able to widen the canal slightly at these points so as to allow a full water¬ 
way for the stream through the bridge. Otherwise, expensive precautions 
have to be taken to secure the foundaticms, and the increased velocity under 
the arches will render navigation dangerous or at least difScult, 

882t A Tow-path should bo provided on at least one side of the canal at 
a constant level of 1 to 2 feet above the water snrface. It may be from 12 
to 15 feet wide in earthen section, and not less than 6 feet under bridges; 
the tow-paths should be carried under the side arches, of bridges, in no 
case through the abutments or wing walls, the latter arrangement being 
an obstacle to free navigation. 

383« A Itoad is also desirable on one side of tlie canal for convenience 
of inspection. It may be 20 feet wide and planted with trees. Tree 
plantations are also general along the canals of the N. W. Provinces. No 
trees should, however, be allowed within 30 feet of the water’s edge, as 
their proximity interferes with the stability of the embankments. 

J884, Chokees or stations for the Engineers and Overseers employed on 
the line are also provided at intervals, and are genertdly fixed at the sites 
of the most important masonry works. 

These works, which are required for the admission, control and distribu¬ 
tion of the water, or for the passage of the canal aenross the drainage of 
the country, will now be described. 



CHAPTER XLIX. 

PALLS—RAPIDS—LOOKS 

085. So long' as the slope which we determine to give to the bed of our 
canal from the considerations above stated, is the same as the natural fall 
of tlie country through which the canal is excavated, the level of its bed 
will of course remain at a uniform depth below the surface of the ground. 
But although this can generally be managed in the flat plains of these 
Doabs throughout the greater portion of their length, yet in the vpper 
portion of the canal, the slope of the ground is veiy much greater than 
that which it would be proper to give to the canal bed, and peculiar 
firraugements have to be made 
to compensate for this difference 
of slope. The annexed dia¬ 
gram will show how this excess 
of fall has to be overcome; via., 
by laying out the canal bed in a series of steps, so as to keep it at a toler¬ 
ably uniform level below the surface of the country, until the flat country 
is reached where the slope is the same as that proper for the canal. 

The points where the bed is let down from a higher to a lower step are 
called Falls ; and their shape and construction are questions requiring much 
thought and consideration. Their location should evidently, from the dia¬ 
gram, be near tlie places where the canal bed, if continued without a break, 
would have to be carried in embankment above the surface of the country; 
their exact position is generally made to coincide with tbo requirements of 
a bridge or some other masonry work such as are described hereafter, for 
the sake of economy of construction, or on other grounds which need not 
be entered upon here. 

It is evident that the fall must be of some more datable material than 
earth to re^t the action of the water over the step, and masonry is there- 
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fore employed. The bed of the crohI has also to be protected by a masonry 
iSooring from the plunging action of the water, and the banks must also be 
revetted for a considi^ble distance below to prevent their being cnt away. 
The exact shape of the fall itself is a point on which there is much differ¬ 
ence of opinion. Ogee falls of this 
shape were employed by Sir P. Oautley, 
on the Ganges Canal, with tlie idea of 
delivering the water at the foot of the 
fall as quietly as possible. On the Baree 
Doab Canal vertical falls are used, the 
water being received at the bottom into 
a dstem snnk below the level of the flooring, which thus forms an elastic 
cushion, as it were, to receive the shock instead of opposing a dead resist¬ 
ance to its force; while the acccl-. 
erated velocity of the falling water 
in a forward direction is thns also 
chocked. The action of the water 
is still farther lessened by making 
it play over a wooden grating, by 
which it is divided into a number of filaments or threads, as if it were dis¬ 
charged through the teeth of a comb. 

Tlie very dangerous scouring and cutting action of a large body 
of water falling over a height of even a few feet, must be seen to be fully 
appreciated. The greater the height of the falls and the depth of water, 
the more violent of course will be the action; those on the Ganges Canal 
are not higher than 8 feet, but with 6 feet or more of water going over, 
the action is most severe, and nothing but the very best masonry is capable 
of resisting it. If stone can be obtained, it should always be used; if not, 
noijj but the hardest bricks must be employed, laid on an unyielding 
foundation with fine mortar joints; the banks must be mvetted with 
masonry for a considerable distance down-stream, and the bed of the canal 
protected by a solid masonry flooring, the tail of which is defended by a 
row of sheet piling. The fall should be divided into distinct chambers, 
which can be laid dry one by one for the sake of repairs without stopping 
the canal. On the Ganges Canal the masonry flooring is continued to the 
end of the chamber, beyond which, crib-work of dry boulders is employed 
as far as the end of the revetment walls. 
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The revetment walls on thie canal were iuclined slightly inwards and 
terminated by curved walls (see Plate), with a view of holding up the 
water on the flooring, and thus saving the latter from the effects of any 
scour. But the result has been, serious cutting of the banks below the 
carved ends, and the curved walls are now being removed in consequence. 
On the Belra Falls on this canal, the revetment walls were carried straight 
on instead of being inclined inwards, and then terminated by curves form¬ 
ing a basin *, and Uiese have answered better, though it is said the soil is 
there much stronger. 

287. The following is 'a description of one of the Ogee* falls on the 
Ganges Canal, drawings of which are given in the Plate:— 

The fall consists of a bridge (of eight bays of 25 feet in width each), 
which crosses the canal on the upper levels; to the tail of this bridge the 
ogees are attached, delivering the water into four chambers of 54^ feet 
each in width, every alternate bridge-pier being prolonged on its down¬ 
stream face, so as to divide the space which is occupied by the lower floor¬ 
ings into four compartments; in advance of the tlirce dividing wails, 
which are carried to a distance of 84 feet from the down-stream face of 
the bridge, there is an open space of masonry flooring, which is protected 
by an advanced area of box-work, or heavy material filled into boxes or 
crates, and covered with sleepers, so as to retain the material in position. 
Additional defences are given to these floorings by lines of sheet piling. 
The flanks of the chambers below the descent are protected by revetments, 

* The curve of the Ogee la thua deecribed 
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Bisect A 1, and from the point of bisection at « 
draw a perpendicular cutting the lino A C at C. 

Join C 1, prolonging the line until it cute the 
line n B at D. 

From the points C and D m centres draw the 
curvM of the ogee. 
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^ tieight tD tBe. priding it«Ils. IWse finks, msiead of being in 
prolongatitDi of tbo aJigHment of IM bti^ge abottneiils, oscpand oatwardly, 
gaining, on l^eir ardti] tbe' toil of Jbs. masonry platform, an excess 
of 20 feet in 1^4^. . At a distance of feet frmn this point, the flai^ 
m^e a iii^t onrre tnitranilB, terminatuo^ (on an imaginary Hne drawn in 
prolongitioa Of; ,tho ne^ to the abutment) in massire projecting 

jetties. Between, mid on the flaxAs of these two. jetties, lines of piles, and 
other protootrro. arrangements are disMbnted, so as to secure tlie safe 
passage of. the water mm the foorins^, and to admit of the cuiTent escap> 
ipg from the works with as little tendency to danger as possible. The 
depth to which the curtain or nj^r foqndatioii well is carried is eqnal to 20 
feet ; that of the tail, with the flank revetments and jetties, is also 20 feet. 

288i I3ie result of experience aeems to show that the vertical falls with 
gratibge as, used on the Baree Doab Canal, are the best tliat have yet been 
invented. Their construction will be understood by the inspection of the 
Plate, and the following Memo, refers to the arrangement of the grating— 
The grating consists of a number of wooden bars resting on an iron 
dioe built into the crest of the fall, and on one or more cross beams, 
according to the length of the bars. Ihese bars are laid at a slope of 1 in 
3, and are of such length that the full supply level of the water in the canal 
tops their upper ends by half a foot. The scantling of the bars as well as 
that of the beams should of course be proportioned to the weight they have 
to bear, plus tlie extra accidental strains to which they are liable, from 
floating timber for instanca, which may possibly pass between the piers 
and so come in ocmtact with the grating. In consideration of strains and 
shocks of this pature the supporting beams are set with their line of depth 
at right angles to the bars instead of vertically. 

The dimensions of the bars used on falls of the Baree Doab Canal, 
where th^ depth of water is 6*6 feet, are as follows:— 

Dtodar wood, 

I^wer end of bars, broad k 0''76 deep, 

Upper end of bars, 0'''2b broad x 0'*75 deep, 
and they are supported on two deodar beams, each measuring 1 foot in 
breadth k 1*5 foot in depth; the first beam being placed at a distance of 
7*5 feet (horizontal measurement) from the crest of the fall, and the 
second 7*5 feet beyond the -first beam. The bars of the grating on these 
FbHb were or^gmall^ -]^aced touching ea^ other (mde by side) at their 
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lo««r vod»t m tlwyf 90 t tlien «:fall fiupjtly of.'Wafec.ia &« caaol. 
Thera were thna 80 Iwn in eao^ lO-foot baf. . Sinoe Ihenmip|b«ri3f 
bars has been sojccessiteijr fedmd to |o 18, preset nnmbur. 

The reduction of thn nt^ber of ban and the e<|uai spacing of the remam- 
log bars is done with en^, as they <am be puidied sidew^^s in th,e h?oii 
shoe and abng the besms, to which latter they are held with spike-nt^S., 
Once the correct spacing is arrired at, cleats and blocks (as ^own in the 
drawing) are preferable to ^ike-nails. 

The end elevation of the bars, shows the way in which the bars are 
undercnt from the point where they leave the shoe, t. e., from the crest of 
the fall. This nnderctitting has the effect of making each space as it 
were “ an orifice in a thin plate," and it facilitates the escape of small 
matters which may be brought down with the current. Large rubbish 
which accumulates on the grating is daily raked off and piled on one side 
of the fall. This is done by the establishment kept up for the neighbour¬ 
ing lock,. There is considerable advantage in thus clearing the canal of 
rubbish which would otlierwise stick in rajbuha heads, on piers of bridges, 
&c., or eventually ground on the bed of the canal and become nuclei of 
large lumps and silt banks, 

889. The effect of a fall occurring at the end of a canal reach, is to 
increase the velocity, and diminish the depth of the water for a considerable 
distance above the fall. This increase and diminution are graduid trom the 
point where this action coiAmences (rather an unewtain question), down to 
the fa)] itself where, of course, they attain a maximum, so that the depth of 
water passing over the fall is very much less, as the velocity is veiy much 
greater, than the normal depth and velocity ^ove. This increase of 
velocity before the water reaches the fall, produces a dangerous scour on 
the bed and banks of the canal, and in order to guard against this, it has 
been fonnd necessary to bead up the water at the falls on the Ganges 
Canal by meam of sleepers dropped in the grooves of the piers, which hae 
virtually mcreased the height of the fall, and has been one cause of the 
flooring suffering in places frqq) the violent action of the water. It has 
also been proposed to narrow the Mia so as to produce the same effect. 

899. The method^ most commonly adopted, however, is to raise the 
crest of the falls fay a missoiUy weir; and the Height to which it is necessary 
to raise the weir, may be fomid from jhe .following calcrda^on, as given by 
Colonel I^aa. 
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Discharge orer Fril (complete) a= mi ^ A -J* 

^ discharge in an open channel =s A n 

In which eq^tions— 

A = Sectional area of open channel. 

^ d = Hydraulic mean depth of same. 

$ = Length of slope to fall of one in same. 

V s Meui velocity of cnrrent in same. 

A ~ Height of surface of water in same, above crest of fall. 

I =: Length of crest of fall. 

m = A co-efBcient determined by experiment varying from 2’5 to 8-5. 
n = A co-efRcient determined by experiments varying from 75 to 96. 
The discharge in the open channel and that over the Fall are ideniicd, 
hence we hare— 

from which we get— 

. _ 1 2 Agru A/2dg (,2ffhs + a*<i) 

~ m i2gks + n*d)* 

and if we put g = 32'19083, m = 3, and n — 90, we shall have 



•02183 At Vrf (*008A* + <0 
C'OOSA* + <*)* 


h 


\ m*Ps ) 


dn* 

2gs 


and 


if g, m, and n, are as before 


k = _ 125-8122 i 

Having thus got the value of A, deduct it from the depth of water in the 
chmmel, and wft have the height to which the weir should be raised above 
the true bed of the canal. 

891, Where gratings are used, these act instead of a weir in check¬ 
ing the velocity of the water above the falls, and the following refers to 
their employment in this manner. 

As one main object of the grating is to prevent the stream above the 
fall to which it is fixed from knowing that there is such a thing as a fall 
anywhere below it, the principle to go on in spacing the bars is to an-ange 
them so that the velocity of no cme thread of the stream shall be either 
accelerated or retarded by the proximity of the fall. This effected, it is 
evident that the surface of the water must remain at its normal slope, 
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parallel to the bed of the canal, until it arrives at the gratmg. The half 
foot by which the water tops the bars of the grating, as above described, 
causes a sudden drop there, but the acceleration to the current resulting 
from so small a fall as this is not practically felt to any distance back from 
the fall. 

To take an example, let us assume that V (mean velocity) = 0-81 v 
(surface velocity), and U (bottom velocity) = 0*62 v (surface velocity) in 
every vertical line of the current flowing naturally. Then, if we make V = 
2'5 per feet second, we shall have the following velocities at the given depths 
below surface in a stream 6 feet deep. 


Deptba below surface. 

Velocities 
rfeet per second). 

BemarkB. 

Surface, .. 

0 

30864 


, 

1 ' 

2-8909 




2 ' 

2-6955 



Centre, . 

. 3' 

2-5000 


^ Common difference 0-1966, 

4' 

2-3046 


nearly. 


5' 

2-1091 


Bottom, . 

i 

\ 

. 6' 

1-9136 

J 



What is required, then, is to shape the sides of a given number of 
bars placed in a given width of bay, so that the above v eloclties may be 
maintained till the water touches tlie grating, when in consequence of the 
clear fall the velocity becomes considerably accelerated. This accelerated 
velocity multiplied by the reduced area (of space between the bars) should 
give the same discharge, with the canal running full, as the product of 
the original normal velocity and the original undiminished space, the width 
of which is, of course, the distance between the centres of two contiguous 
bars. 

Thus, taking the lowest film (along the bed of the canal) whose nor¬ 
mal velocity is 1'9136 foot per second, and supposing 20 to be the 
number of bars in each 10-foot bay, then the undiminished space for each 
portion of the stream will be half a foot, which multiplied by the above 
velocity gives a product of 0*9568. Again, taking the same lowest film 
as it passes through the grating, with a clear fall, and under a head of 
pressure of 6 feet, we find its velodty to be 19*654 feet per second. Now, 
if we call the required width of space between the bars at this point and 
VOIi. II, 2 Y 
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ssstime the co-^fflcient of contraction to be 0*6, we shall hare xt, = 


0-9568 


= 0*08 foot. 


18-66* X 0-6 

Similarly, taking the film on the level of the tops of the bars, or 0*5 
foot below the surface of the water, the normal velocity of which is 2*9887, 
the undiminished space being as before 0-5 foot, we get a product of 
1*4944; and as the velocity of the film falling through the bars is 5*673 
feet per second, we get 

And, lastly, taking the centre film, the normal velocity of which ii 
2*5 feet per second, we have a product of 1*25, and as the velocity of the 
same film passing through the grating is 13-89 feet per second, wo get 

Hence it is seen that the sides of the bars sliould be cut to a curve 
convex towards the open space, but in practice this nicety is scarcely 
requisite. 


= iTc 


— 0*15 foot. 



The effect of cutting the bars straight is of course to increase the dis- 
' charge through the centre of the grating, and to diminish it at the surface. 



But this is not found objectionable in practice, for, aa mentioned 
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abore, the surface Telocity has already been somewhat accelerated by the 
half-foot drop at the top of the gprating; and, in consequence of the ten* 
dency of the lower part of the grating to clog with matter brought down 
by the current, there is no risk of undue acceleration to the bottom velocity. 

The above remarks have been limited to a consideration of the effect 
caused by the grating on the channel above the fall. Its effect on the 
channel below the fall is equally important, but this may be gone into 
separately. For the present it may suffice to remark that the formula in 
use on the Baree Doab Canal for the depth below the lower bed of the 
channel is 

X = fjh 

in which empirical equation, 

X, is the required depth of cistern, 

A, the height of fall, or the difference of level between the surface 
of water above the fall and the surface of the water below it, 
and d, the full supply depth of water in the channel. 

All the cisterns with depths thus obtained have answered admirably, 
having never required the .slightest repair since they were built. 

Instead of falls, and to accomplish the necessary change of level, 
Rapids have been employed with success on the Barcc Doab Canal, i. e., 
the fall is laid out on a long slope (15 to 1) instead of by a single drop; the 
slope being paved with boulders, laid without cement, and confined by walls 
of masonry in cement, at intervals of 40 feet both longitudinally and across 
stream. The longer the slope, the more gentle is, of course, the action of 
ilie water; but the greater, also, is the quantity of masonry employed. In 
general, the choice between the two is a mere question of expense and 
material available. On the above canal, rapids were adopted wherever 
boulders were procurable at moderate cost. 

Boulders are the proper material for the flooring of a rapid, and brick¬ 
work should not be used in contact with currents with such high velocities. 
Even the very best cannot stand the wear and tear for any length of time, 
and stone should be used for all surfaces in contact with velocities exceed¬ 
ing (say) 10 feet per second. 

The boulders used should be grouted in with good hydraulic mortar and 
small pebbles or shingle. Pry boulder work is not to be depended on for 
velodties higher than 15 feet per second, even when they weigh, as much 
as one maund each, and are laid at a slope of 1 in 15. There should be 
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no attempt mode to bring the surface of the boulder work up smooth, bj 
filling in the spaces a a a. All that is necessary is to lay the boulders and 
to pack them so that their tops are pretty well in line as & c; any farther 



filling in would stand a good chance of being washed 
ontrery soon, and, if it remained, its effect would be 
to increase the velocity of the current on the rapid 


ly diminishing 


Ihe resistance presented to the water by the rough boulder 


work. 


The Baree Doab Canal Rapids have tail walls of peculiar construction 
for the purpose of destroying back eddies, and of protecting the Canal 
banks below the rapid from the direct action of the current. These tail 
walls are intended to be so arranged that the heaviest action of water at 
the foot of the rapid shall take place in the widest part, and they incline 
towards each other from this point so as to direct the set of the stream 
well to the centre of the canal, thus protecting the banks from the direct 
action of the current for a considerable distance. At the same time, as 
may be seen from the longitudinal section, the tail walls are not kept at 
their full height throughout, but beginning (a little below the point where 
the curve ends) at the level of full supply only, they gradually become 
lower and lower (slope 1 in 20) till they vanish altogether, where they are 
on the same level as the bed of the canal. The triangular spaces behind 
the tail walls in plan are filled in with boulders (dry) to the level of the 
top of the sloping tail wall; when the full supply is running these tail walls 
are submerged and invisible, the rapid appearing to end just below the end 
of the curve. 

These tail walls do not check the “ lap-lap ” or ceaseless wave-like undu¬ 
lation of the water below the rapid, but they effectually do away with 
back eddies by keeping the current always in onward motion, exposing no 
abrupUy terminating projection behind which an eddy can form, and at the 
same time they protect the banks by making that motion moderate in the 
neighbourhood of the banks. 

In case no such tail walls are given, the banks should be faced with boul¬ 
der work, jetmafe or piling, for a length on each side, of say 300 feet below 
the rapid. Some such protection will always be necessary for the banks. 

The mavim iiTn velocity of current which a boulder rapid will stand 
without injury cannot be exactly determined. £nt experience has proved 
that a bonidcr rapid with a flooring composed of boulders not less than 
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one mannd in weight each, well packed on end, and at a slope of I in 15, 
will not stand a mean velocity of 17*4 feet per second. 

293. It is clear that navigation must be interrupted by Falls, and 
Locks are therefore necessary for the passage of boats, np or down, the ac¬ 
tion of which may be understood by an inspection of the Plato. Suppose 
that a boat has to pass from the upper to the lower level, the upper gate 
being closed, and the lock chamber being empty. The lower gate is 6rst 
closed, the sluices of the upper gate are raised by which the lock chamber is 
filled with water; the upper gate itself is then opened and the boat passes 
into the lock chamber when the upper gate is again shut. The lower gate 
sluices are then opened, by which the water in the chamber flows into the 
lower level, the boat sinking with it: the lower gate itself is then opened 
and the boat passes out. The process has, of course, to be reversed if the 
boat has to ascend from the lower to the higher level. 

The locks may either be arranged on one side of the main channel in a 
bay adjoining the falls, or a separate navigable channel may be provided 
round the falls with the lock arranged at any convenient point on its 
course. This has been done on the Ganges Canal, but it is an expensive 
arrangement, and the small channels have been troublesome from their 
silting up and from the growth of weeds in their beds. The only advan¬ 
tage of the arrangement is to obviate the danger of boats being carried 
over the falls; but with proper precautions, such as a floating boom across 
the main channel above the bays of the falls, this danger can easily be 
prevented. 

The size of the lock chambers depends on the sort of boats used and 
the amount of traffic. On tlie Ganges Canal they are 100 x 15 feet. If 
the traffic is heavy, a double set of locks may be required, for the up and 
down traffic to be worked together. 

294. Mills for grinding com, &c., may be advantageously established 
wherever there are falls on the canal, particularly if in the neighbourhood 
of a town or large village. A separate channel may be cut for the mill- 
race, joining the main canal again below the fall. The following is a 
description of the Pun~chukhee, or native com mill, in general use on the 
canals in Upper India:— 

On the mountain streams and rivers in the Northern Dodb, the natives use a water¬ 
mill for grinding com, which for its simplicity is well deserving attention, as it 
might be applied in all countries where a fall of water can be commanded, and 
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where a want of efficient workmen renders the complicated and expensive species of 
mill machineiy, generally used, a matter of difficulty to manage or keep in repair. 
In tlic hands of the natives and with the rude means that they have by them, it may 
be perhaps considered the only sort of mill that could be turned to any account, both 
from the absence of any complication in its parts, and from the simplicity of its con¬ 
struction ; rendering it in any man’s power, for a trifling outlay, either to fix his mill 
at any point that may suit him, or to remove it at pleasure ; the only weighty parts 
about it being the mill-stones, which however, by running a stick tlirough them, and 
yoking a bullock or pair of bullocks to them, may in the neighbourhood of roads or 
common faacks bo also removed with as little difficulty or expense as the rest of the 
machinery, 

A horizontal water-wheel with flouts placed obliquely, so as to receive a stream of 
water from a shoot or funnel, the said float-boards being fixed in a vertical axle pass¬ 
ing through the lower mill-stouo, and held to the npper one by a short iron bar at 
right angles, cansing it to revolve with the wateivwheelthe axle itself having a 
pivot working on a piece of the hardest stone that can be procured from the shingle 
near at hand this with a thatched roof over it, and the expense and trouble of 
digging a ent so as to toko advantage of a fall of water,—are the only articles requir¬ 
ed in this very simple mill. The plan is so obviously good, not only for the means 
gained, but also from the simplicity rendering the whole almost inde])endont of repair, 
and HO intelligible in its parts as'to come within the comprehension of the simplest 
understanding, that it has been adopted generally in all the canals in the Delhi dis¬ 
trict, as well os in those c»f the Dtid6{ and with such success, that the introduction of 
such mills, wherever suflicient fall is provided, is as much an object, on account of 
the profit arising to the canal returns, as from the accominodation and convenience 
offered to the community, in providing the means for grinding com. 

On reference to the accompanying Plate, it will lie seen tliat there is only one 
motion, and that supposing the materials are good, the permanency of tlie machinery 
depends entirely on the lower jiivot. It will also be evident that there is not a part 
of the whole machinery that could not bo repaired and put in perfect order by the 
commonest village workman, a matter of importance in the absence of mechanical 
sldll and practised workmen. Whereas in the plainest nndcrsliot wheel applied to 
a mill for grinding com, there are no less than three wheels of different descriptions ; 
the change of vertical to horizontal motionand three pivots to keep in order, with 
a friction, even under the most skilful management, tending constantly to disarrange 
the parts, and render the accompaniments of a forge and blacksmith’s shop absolutely 
necessary to keep the mill in order. 

On the canals it has been found worth while to constmet permanent buildings for 
these com mills, and although keeping most strictly to the original simplicity of the 
machmesy, they are set up %vith greater care, and means arc given fw regulating the 
motion, Ac., which renders tlic whole as perfect as it can well be. 

It would appear that a fall of water (that is to say, the difference of level between 
the surface of the head supply and the float-boards of the water-wheel), equal to three 
feet, is the minimum in which this species of machinery can be used with any good 
effect; and it has been fonnd that with a fall of three feet, the dimenrions of the 
shoot or funnel require an addition in width, to obtain that by weight of water, 
which the smallness of the fall will not give by velocity alone, and in the dimenrions 
of shoot given to those of a higher class. 



WATER-Mll_t_ FOR GRINDING CORN, 
^ ' Af Kwrf in In^a). 
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The following ere the paitienlon of mills on the Eastern Jumna canal, divided 
into three classes from the depth of the fall ; the width of shoot on the sill or waste- 
board, being 12 indies, and the discharge per second averaging 6*6 cubic feet; the 
diameter of mill-stones 27 inches, and thickness 12 inches ;—the com being ground 
into atta or coarse flour. 



Fall 0/ 


Alia 

Clou. 

tBtUer 

•. 

ground per hour. 


tt. 

In. 

md. 

seer. 

No. 1 

7 

6 

1 

26 

2 

6 

6 

1 

5 

8 

3 

6 

0 

17 


The commpn mills used in the Jumna and mountain-streams, are said to grind 
from 6 to 7 maunds of atta per day, or in 24 hours ; the machinery being of the 
rudest description, the supply of water very small, and a great part of that escaping 
through the shoot before it touches the water-wheel. 

Tlie return to Government on the mills is obtained generally by fanning them out 
to contractors for fixed periods, who pay so much per day as long as a supply of water 
equal to that entered in the contract is provided, regulated by the depth of water on 
the sill or waste-board; this return of course varies not only from the powers of the 
mill, but also from their position relatively to populous towns and cantonments. 

The stones used on the canals arc chiefly those from the quarries near Agra, Bdp- 
bas and Fatihpur Sikri, a course-grained sandstone, which requires the chisel every 
second day—there arc three sizes used— 

First size, diameter S6 inches, depth 12. 

Second „ „ 30 „ „ 

Third „ „ 27 „ „ 

The two latter are in most general use. Stones of the usual quality last for about 
two or three years, that is to say, at the end of that period a new upper stone is pro¬ 
vided, and the old one placed below. 



CHAPTER li. 

DRAINAGE WORKS—AQUEDUCTS—INLETS—DAMS— 

SUPERPASSAGES. 

IS95« Wb now come to the veiy importaait class of works by which the 
eanal is carried orer the Tarious obstacles to bo met with in its course. 

The great expense and intricacy of the works in the upper portion of 
most canals in Northern India, is owing to the number of drainage lines 
running from the hills, across which the canal has to be carried before it 
can be brought fairly out on to the general watershed of the country. Of 
course, so fax as it can be laid out, it is made parallel to these lines, and 
not perpendicular to them, but owing to their numerous ramifications, and 
to tiie oblique line at which the canal has to start, in 'order to get clear of 
the river before it can be carried on in a parallel direction, it always hap¬ 
pens that many of these drainage channels have to be crossed ; and as 
many of them are swollen to formidable torrents in the rains, and all of 
them are troublesome, the fall of the bed being great, and their course 
often very shifting, it becomes a matter of considerable consequence how 
to provide for them. 

jS96. Much may be done by d iversion , t. e., by altering their coturse so 
as to make them run clear of the canid. A very instructive example in 
this way wa« the Chukkee torrent on the Baree Doab Canal, for the passage 
of which costly works were originally designed. The Chukkee at thie 
time of the commencement of the canal works had-two outlets; just above 
the crossing point of the canal, the main channel divided; one, the larger 
branch running into the Beas, the other into the Ravee. This latter was 
embanked across at the bifurcation, by boulder'dams and ^urs of the same 
material, protected at the extremity by masonry revetments. By these 
means the whole of the water was forced to flow into the Beas and the 
expense of the works for the canal m’oraing saved. 
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If, honrerer, the torrent cannot be diverted, it will appear that there are 
three cases under which it may have to be crossed. 1st, When it is on .a 
lower level than the canal; 2nd, When on the same level; Srd, When it is 
on a higher level. 

S97« In the first case when the torrent or drainage line is on a lower 
level, the canal is carried over it on an Aqueduct. The valley drained by 
the torrent will be embanked across in the usual way, care being taken that 
sufficient water-way is provided under the aqueduct for the torrent to pass 
when in flood. Now, an aqueduct only diflFers from a bridge in havmg to 
carry a water channel over it instead of a road or railway. The bridge 
part may he made of wood, iron or masonry. Tlie channel must be water- 
tight, and strong enough to carry the water, of course. Sometimes an 
iron trough is used, but for large aqueducts a masomy channel is usu¬ 
ally employed, supported on arches, resting on piers and abutments like 
an ordinary bridge. 

The most celebrated instance of thi.s (‘lass of works is the Solani aque¬ 
duct on the Gauges Canal. 

This work, by which the canal is carrieil across the valley of the Solani river, 
consists of ah earthen embankment or pLatform, rai.sed to an average height of sixteen 
and a half feet above the country', having a base of 350 feet in width, and a breadth 
at top of 290 feet. On this platform the banks of tlic canal are formed, 80 feet in 
width at top, and 12 feet in depth. These banks arc protected from the action of the 
water by lines of masonry retaining walls formed in steps extending along their 
entire length, or for nearly two and a quarter miles norUi of the Solani. 

The river itself is crossed by a masonry aqueduct, which is not merely the largest 
work of the kind in India, hut one of the most remarkable for its dimensions in the 
woA., The total length of the Solani aqueduct is 920 feet. Its clear watcr-wmy is 
750 feet, in fifteen arches of 60 feet span, each. The breadth of each arch is 192 feet. 
Its thickness is 5 feet; its form is that of a segment of a circle, with a rise of 8 feet. 
The piers rest upon hhxiks of masonry, sank 20 feet deep in the bed of the rivei*, being 
cubes of 20 feet side, pierced with four wells each, and nndersunk in the usual manner. 
These foundations, throughout the whole structure, are secured by cvcjy device that 
knowledge or experience could suggest; and the quantity of masonry sunk beneath 
the surface is scarcely less than that visible above it. The piers are 10 feet thick at 
the springing of the arches, and 12) feet in height. The total height of the structure 
above the valley of the river is 38 feet. It is not therefore, an imposing work when 
viewed from below, in conseqnenee of this deficiency of elevation : but when viewed 
from above, and it when, its immense breadth is observed, with its line of masonry 
channel, nearly three miles in length, the effect is most striking. 

The water-way of the canal is formed in two separate clianncls, each 86 feet in 
widffi ; the side-wails are 8 feet thick and 12 feet deep, the depth of water at full 
supply level being 10 feet. A continuation of^the earthen aqnednct, aboht three- 
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quarters of a mile in length, connects tbe masonry work with the high bank at 
Roorkee, and brings the canal to the teminadon of the difScnlt portion of its coarse. 

398. The second case is vrhere the torrent is crossed on the same level. 
It may be a small drainage channel only occasionally filled, or at least 
never bringing down but a small body of water. In that case it simply 
becomes an InleU and is provided for by an arched opening through the 
embankment, by which the water can be passed into the canal. In this 
way all mere surface drainage is provided for at various convenient points, 
though as the course of the canal when once clear of the difficult ground 
above, lies close to the watershed of the country, the amount of intercepted 
drainage is small. ^ 

But if the torrent is of large dimensions and bringing down a great 
volume of water at a high velocity, the above method will not answer; the 
the water, loaded with silt, would choke up the canal bed, and its force 
would destroy the embankments and do irretrievable damage. More 
elaborate arrangements have therefore to be made, the nature of which 
will, however, easily be understood from the following diagram. 

B is a regulating bridge across the canal channel provided with the 

usnal sluice gates. A is a dam across the chan¬ 
nel of the torrent provided with flood gates. Un¬ 
der ordinary circumstances A is closed and B is 
open, so that the canal water flows along as usual. 
But, when the torrent is in flood, tlien A must be 
open and B closed, so that the flood-water may 
cross the canal, and run down its own channel. 
The bed of the torrent below the dam must bo 
paved for a certain length to prevent erosion, and 
the sides of canal and torrent liave to be revetted for a considerable length- 
to prevent their being cut away by the water. 

The finest example of these works is at Dhunowric, on the Ganges 
Canal, where the Butmoo torrent is passed. 

The dam itself consists of 47 sloices of 10 feet in width, with their sills flash with' 
the canal bed, separated by piers of SJ feet. The above are flanked on each side by 
five overfalls of the same width, having their sills raised to a height of 6 feet, wiflb 
intermediate piers cS. the same dimensions as those in the centre slnices. On the 
exti'eme flanks are platforms raised to a height of 10 feet above the canal bed, and 
corrcspomlflig in height with the rest of the piers. These elevated platforms, which 
an 17 feet in length, are connected wiUi the revelanent esplanade by inclined planea 
of masonry carried throngh the flanks of the dam. 
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The amount of watemaj, therefore, through the sluices, up to a height of 6 feet, 
is equal to 470 feet in width ; to a height of from 6 to 10 feet, it is increased to 670 
feet, and when flood water rises above that height, the Avater passes over the full 
expanse of the masonry, which is equal in width to 800 feet 

For the ten sluices on the flanks, the closing and opening is effected by sleeper 
planks for which grooves are fitted to the piers. For the centre openings, drop gates 
ore provided, which are retained in their njiright position by chains against the 
pressure of tlie canal water from the inside, and which, on the occurrence of a Hood, 
can be dropiied down on the flooring by releasing a catch, and allow the flood water 
to pass through the openings. When the flood is over, tlic gates arc raised upright 
by a moA'Cablo windliias, the pressure of the water being temporarily taken off by 
dropping planks into the grooves. 

On the down-stream side of tlic dam, a jilatform of box-work, filled with river-stone, 
extends to a width of 43} feet from the masonry flooring ; this is held in position by 
double lines of 20-fect piling, strongly clamped together by sleepers fastened on to 
the npjier surface, the slope of Avhich is 2^ fec.t on an incline down-stream. 

The regulating bridge has ten water-wajs eacli 20 feet broad, and provided with 
gates, to prevent any flood-ivatcr passing down the canal. In addition to this 
there Ks a roadway bridge, and about a mile of reA'Cttiient walls, all insting on blocks 
of brick masonry, sunk to a depth of 20 feet below tlic canal bed. The whole of this 
work is protected by a forest of piles, and an enormous number of bottomless boxes 
filled with boulders. . 

By a double tunnel, npnurds of 500 feet long, the river, when not in flood, flows 
under the canal. 

’ 299. The third case is where the torrent crosses on a liigher level; 
when it lias to be carried over on an aqueduct, generally called, in that case, 
a Svperp<issage, to distinguish it from the first case where the canal flows 
over the torrent. TTiis, of course, becomes a very expensive and trouble¬ 
some work, as a large water channel has to be allowed to carry any extra¬ 
ordinary flood over the canal in safety, and sufficient head-way must bo 
allowed under the superpassage so as not to interrupt the navigation. 

It possesses, however, the great advantage of keeping the canal com* 
plctely free from any influx of flood-water from the torrents, which is 
always more or less heavily charged with silt. It has the additional re- 
commendatioD of not requiring tlio mmntenance of a large establishment 
every rainy season, as in the case of a level crossing, where the regulating 
apparatus must be worked by manual labor; and lastly, the canal supply 
can thus be kept up uninterniptedly, there being no necessity to shut it 
off at the crossing to keep the silt laden flood-water out of the channel 
below. These recommendations apply equally to passage by “ aqueduct," 
and render them both generally preferable to a dam when the levels will 
admit of the substitution. 

There are two fine examples of superpassages in the Northern DivU 
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■ion of the Gauges Canal, by which the Puttree and Hanipore torrents 
are crossed. These have a clear waterway between the parapets of 2 and 
SOO feet, respectirely, and when the torrents are not in flood they are used 
as bridges of cotnmnmcation. 

I have preferred however to give a detailed description of the Seosaoan 
Buperpassage as designed for the' Sutlej Canal. 

Taking the catchment basin of the Scesooan to be S miics in length by 8 miles in 
width, we obtain an area of 24 square miles, which would give a maximum rain¬ 
fall to be carried off of 7,762 cubic feet per second, agreeing very closely with the 
discharge calculated from the area of the section at the canal crossing, with the velo¬ 
city due to a declivity of 1 in 794 ; to pass of ibis discharge, a waterway of 150 fMt 
wide by 6} feet in depth, on the above declivity will be required. 

The difference of level between the beds of the canal and the torrent is 21*93 feet, 


which is thus disposed of t— 

Depth of water in canal, .. .. .. .. .. .. 7*00 

Headway np to sofiSt of arch, .. .. .. .. .. .. 10*00 

Thickness of arch, .. .. .. .. .. ^. .. 8 00 

Brich-on-edge flooring, .. .. .. .. .. .. .. 1*98 


Total, .. 21*93 

The canal channel will be spanned by three central arches of 45 feet span each, 
and two at the sides of 32 feet each ; tow-paths 7 ^ feet wide in the clear will be car¬ 
ried under each side arch, leaving an aggregate water-way of 164 feet. The meaui 
waterway of the canal channel is only 177 feet: the addition is made in this work, 
in consideration of the impossibility of increasing its dimensions should the canal be 
required to carry a larger [supply hereafter. The waterway for the torrent above, is 
projected in one channel 150 feet wide at bottom, with side walls (head walls of the 
work) 10 feet in height, 5 feet thick at the base, 4 feet at top ; the flooring over the 
arches will be formed of asphalte or some substance impervious to water, the upper sur¬ 
face being covered with somehard material, probably a layer of kunkur slabs ; the back¬ 
ing of the abutments will be of paddled clay covered with a flooring of kunkur, slag or 
bonlders, packed in cribs. The foundations of piers and abutments must here be 
nndersunk, the surface of the springs lying some 5 feet above the level of the canal 
bed, below which it will not be possible to drain. The foundations of the wing-walls 
need not be carried lower than the bed of the canal at their junction with the abut¬ 
ment, thence diminishing upwards by steps, as shown in the plan ; the tow-path re¬ 
taining walls being qmte separate from the body of the work, and having no weight 
to support, wilt not require foimdations deeper than 4 or 5 feet, 'which may be laid in 
with Ihe aid of pumping ; the wing-walls wUl bo carried out snfflciently far, up and 
down-stream, to ke^ floods well away from the edge of the canal excavation » crib- 
work revetments, 180 feet in Imigth, with spurs, will be added at thmr extremities to 
preserve the banks from cutting and keep the enrrent in the proper channel. 
























CHAPTER lil. 

HEADWORKB—^DAMS—REGULATORS. 

800. It remains to describe the works which are reqtiired for admitting 
and controlling the supply of water in the canal, and for distributing it 
for the purposes of irrigation. 

The works at the head consist essentially of a Dam across the river, by 
which the water is held op and checked in its onward How, and a Regula- 
lor across the head of the canal channel, by which the proper quantity of 
water is admitted. 

In most cases the canal is taken out of a branch of the main river, and 
the permanent dam is thrown across the branch only, the water being 
diverted from the main stream into the branch by temporary dams con¬ 
structed of boulders, which are swept away on the rise of the liver, and 
are annually replaced. This arrangement has chiefly been due to the 
very heavy expense which would be incurred in throwing a permanent 
dam across the main river itself, and perhaps, to a fear of meddling 
more than is absolutely neceisory with the normal flow of such rivers as 
the Ganges, Jumna, &c. 

But tho disadvantages of the arrangement are very serious, as will be 
readily understood with a little explanation. The great rivers rising in 
the Himalayas are at their lowest during Ihe months of December, 
January and February. In March and April the increasing heat begins 
to melt the snow on the high ranges, and causes the river gradually to 
swell and rise until the month of June, when the periodical rains com¬ 
mence, and the river rises still more in June, Jnly and August, in which 
last month it attains its maximum, falling rapidly in September, October, 
and November. 

Now, the months in which tho water is more especially valuable to the 
cultivator are February and March, when the spring crop is coming to 
maturity, and September and October, just before the same crop is sown, 
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i. at the two periods when the river is beginning to rise, and comxnene- 
ing to fall. It is, therefore, essential that the temporary dams annually 
erected should be in position in September (if possible), and ^should be 
maintained until April; and, in general, they are so; but it not uncom¬ 
monly happens that a sudden freshet may breach or sweep away these 
dams before the river has permanently risen for the season, and when it is 
too late to replace them. And, it is always difficult to get the dams built 
early in the autumn, partly from the uncertain state of the river which 
is very liable to freshets, and partly from its being the most sickly season 
«f the year for workmen. 

In each case the valuable rubbee crops suffers, while of course, the 
annual expense of replacing and repairing these dams is also very great. 
It is more than probable, therefore, that before long, permanent works 
will be constructed at the heads of all great canals, so as to have the main 
stream of the river completely under control, and, not merely the branch 
from which the canal supply is now drawn. 

301s Pams are either made solid, when they are called Weirs (in 
Madras, Aiucuta is the local term), or they may be provided witii openings 
M is generally the cose in the Upper Provinces; indeed the term 
dam is always understood to mean an open dam in Northern India, or 
one partly open and partly closed. 

The advantage of the Wetr is that it is self-acting^ requiring no esta¬ 
blishment to work it, and if properly made ought to cost little for repair. 
It is also a stronger conduction, better irible to withstand shocks from 
floating timbers, &c. Its disadvantages are that its first cost is generally 
greater* and that it causes a great accumulation of silt, boulders, &c., 
above it and interferes, far more than an open dam with the normal 
regimen of the river. It is possible that in certain cases, this might 
result iu forcing the whole or part of the river water to seek another 
channel, mid the possibility of this should always be taken into account, 
but if the river has no other channel down which it could force its way, 
the accumulation of material above the weir would be an advantage rather 
thw otherwise, as adding to its strength. The finest example of weirs are 
those erected on the Madras rivers, which will be described farther on. 
The advantage claimed for the open dam is that the interference with 

* Rot always. The qnutlty of muotay in a wetr la siuoh greater Oian la an opea ilaai, hnt 
ihe qnantiw of fine, and thnefore expensive work, la leaa. 
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the bormal action of the river is reduced to a minimum, the strong scour 
obtained by opening its gates effectually preventing any accumulation of 
silt above; its first cost too is generally smaller than that of a weir. 

A Dam consists of a series of piers at regular intervals apart, 
on a masonry fiooring carried right across and flush with the river bed, 
protected from erosive action by curtain walls of Masonry op and down 
stream. 

The piers are grooved for the reception of sleepers or stout planks, 
by lowei'ing or raising which the water passing down the river is kept 
under control. The intervals between the piers is generally 10 feet, which 
is a manageable length for the sleepers. If the river is navigable at the 
head, one or two 20 feet openings fitted with gates must be provided to 
enable boats to pass. 

The flooring must be carried well into the banks of the river on both 
sides to prevent the ends of the dam being turned, and the banks and bed 
of the river will generally require to be artificially protected for some dis¬ 
tance, above and below the dam, to stand the violent action of the water 
when the gates are partially closed. 

Tlie two flanks of the dam for some length arc generally Imilt as weirs; 
that is, instead of piers and gates the masonry is curried up solid to a 
certain height, so that when the water rises above that height it may flow 
over the top of it. The advantage of this arrangement is that it affords 
an escape for water in case of a sudden flood when the dam may be closed, 
while, when the water is Iqjw, they keep it in the centre of the river and 
away from the flanks, and thereby create a more perfect scour. 

When the river is subject to sudden and violent floods, damage might 
be done before the sleepers could be all raised, one by one; it is better 
therefore to employ flood or drop-gates in such a case; that is, gates 
which turn upon hinges in the piers at the level of the flooring and which 
when shut are held up by chains against the force of the water. In case 
of flood the chains are loosened, the gates drop down, and the water flows 
over them. Should the intervals between the piers be over 10 feet, there 
would be a difficulty in hauling the gates up again. 

A bridge of communication may be made between the piers of the dam 
if required. But as it is not desirable to have it obstructed with traffic, it 
may be merely a light foot bridge, or the intervals may be spanned tem¬ 
porarily with spare sleepers. 
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Hie dam and regulator are generally close together and conected by a 
line of revetment vvall. 

The Hegulator like the dam consists of grooved piers resting on a firm 
foundation carried across the canal bed. As floods are made to escape 
down the river, and are shut out from the canal, fiood-gates will not be 
necessary for the regulator, and the water may be admitted and controlled 
either by planks alone, or as is usual, by a gate moving up and down in the 
grooves-—on to which planks can be dropped when necessary, one by one. 
The gates are raised or lowered by a windlass and chains; the windlass ma* 
be moveable, or one may be fixed between every two j)iers and worked by 
handspikes. 

The piers of the regulator are generally cormected by arches so as to 
form a regular bridge of comniunication across the canal. 

The bed and banks must be defended by masonry as in the case of the 
dam, BO as to be safe from the water’s action wlien the gates are open or 
only partially closed. 

The flooring of the regulator at tlje head of a canal is a convenient 
datum for all the canal levels. A water-gauge should be fixed on it at 
one of the piers, so that the amount of water passing into the canal may 
be accurately known. 

303< The following is a description of the dam and regulating bridge 
at Myapore, the head of tlie Ganges Canal, shown in the annexed Plate:— 

The dam, which is fil7 feet between the flanks, is pierced in its centre by fifteen 
openings of 10 feet wide each ; Uie sills or fl<iorings of each opening being raised 2^ 
feet from the zero line. These floorings arc so c<>nstructed, that if necessary, they 
may be removed, and a flush waterway be obtained jas low as za’o. The piers be¬ 
tween the alwve openings are 8 feet in height, so that the elevated flooring leaves 
the depth of sloice-gate equal to 5^ feet. The piers are fitted with grooves for the 
admission of sleeper or vane plonks. 

The centrical sluices arc connected to the flanks by overfalls, rising in gradations 
of one foc>t on three series ; the overfall nearest to the flank being raised 10 feet above 
the zero point. The flank walls themselves are 18| feet in height, exclusive of cor¬ 
nice and parapet, which rise 5 feet above them. The top of the overfalls on the 
right and left, as well as that of the piers, is flat ; the former being an esplanade 
varying from 7 to 10 feet in width, which, daring dry wcatlier, is connected by a tem¬ 
porary communication formed by planks thrown across the sluice openings. This 
esplanade is at each extremity terminated by a flight of steps, which gives access to 
store-rooms; in which, when the dam is laid open, and the woodwork removed, the 
latter is lodged for security. The two buildings for this purpose are situated on the 
flanks ; their floors ore raised 20^ feet from the zero point, and their interior dimen¬ 
sions are 30 feet in length by 16 feet in breadth. 
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cess of water cau be discbargcd. Escapes, it bas been well said, are to a 
canal what safety valves are to a steam engine. They should be provided 
at certain intervals all the way down the line, and a doable regulating head 
should be built at the point whore the escape is taken off, as in the case of 
a branch canal. On the Ganges Canal they were projected at about every 
40 miles, but mudii must depend on the convenience with which they can be 
made, that is, on tlie proximity of the canal to the river or water^course 
into which the escape is to bo conducted. They should also, if possible 
be provided at all dangerous points, such as above a long line of heavy 
embankment, where, in case of the bank bursting, great damage would 
ensue. The cut should be made largo enough, and with sufficient fall, to 
carry off the whole body of water that can reach tliat point, so Uiat, if ne¬ 
cessary, the canal below the escape may be at any time laid dry for repairs, 
witljout stopping its running above—by opening the escape regulator and 
shuttiiig down the corresponding one across the cauul. I3y this moans 
also that part of the cauul above tlie escape may be opened w'ben complet¬ 
ed, while work on the lower portion can proceed- 

SOO. Tlie following is a descrip tiou of the lilnitowli Escape Head on 
tlie (Ranges Canal, at the G2ud mile, the escape itself being an excavated 
channel GO feet wide at the bead and miles long. 

The niasourj'lieufl consists of JO opcuitijis of 6 feet in width each, theii: height 
from flooring to the soflit »i£ the atfli being feet; the flooring is raised 2 feet 
above the cauul bed in gmdations depending on the working of the gates ami slee|K;rs. 
Tlie transverse widtli of the flooring is cquul to 6-t feet, 4U of which form the tail 
wliich is laid on a slope (tnelining down-stream) of 1 foot from the level of Uie eitnal 
bed. Thu flunks of this work are protected by masonry revetments, and the nsoal 
guards of piling and rubble work, with which the floorings are also covered and jiro- 
tccted from tlic wear and tear of the current on its approach and departure, by box- 
work aprons. 

In cuuscqucnco of tlic magnitude of the cnuol embankments at Khulow li, and the 
elevation of tlioir upper esplanade, which is feet above the euiuil bed, the appara¬ 
tus for o]>cning and shutting the sluices has been covered by a line of building, tJic 
roof of which lawresponds with the higlua: levels, and, therefore, acts as a roadway, 
without interrupting the coniiimnication on the bank. The sui»iM>rta for tlie wind¬ 
lasses, which consist of ujiright timbers ]>laced in the form of a cross, act also as 
supjmrts to tlie roof, and give great additional strcugtli to tlie building. It will 
be seen by the plan, that the tdioins attached run over an upiier roller, by which 
the whole water-way is relieved, by the gate being drawn nj> through tlie slit made 
in the flooring, and raised as high os the roof : the design is of the simplest descrip¬ 
tion, it is exceedingly stcong, and from its being prutcclcd from the weather, and 
from disturbances arising from the other causes, it is hoped that the working will be 
veiy efficient. 



CHAPTER lill. 

RAJBUHAS—MEASUREMENT OP WATER—IRRIGATION 

DETAILS. 

80?< Tbs distribution of the water, it has already been explained, is 
efiPeoied by means of Me^'buhaa or principal water-^oonrses, whidi are small 
branch canals with a masonry regulator at the head, from which the colti- 
yators make their own water-courses to their fields. On the older canals, 
irrigation was carried on from the main channel itself, the wateivconrses 
being constructed by the Zemindars; but the inconrenienoes arising from 
this practice wetre found to bo so great, arising chiefly from waste of water, 
that the ngbnha system is now generally adopted. In this system we may, 
as Sir Froby Gantley remarks, consider the canal as answering to the 
Reserroir or supply channel in the water-supply of towns; the rajbuhas 
or DistribatfBries as the Mains, and the Tillage water-courses as the Ser¬ 
vice ohsnEoels. 

The ri^btlhas, constructed on the most approved system, form a conti- 
nnotts line of irrigating channel on each side of the main canal, and gene¬ 
rally parallel to it. This line is fed by cuts firom the main canal at regu¬ 
lar intervals (say three miles) apart, wherever the levels of the ground 
admit of it, and in the rajbuha are fixed the heads of irrigation of all the 
village water-courses, which are made by the villagers themselves. 

The nybuhas are laid out by the Canal Engineers, and are under their 
exclusive control for maintenance mid repair, but on some of the canals 
they are s^ the private property of the Zemindars, who either advance the 
money tor thor oonstruction, or repay it to Government if (aa ia generally 
the case) it had been made with Government funds in first instance. ' 
But it is in every way desirable that the r^buhas should be considered as 
part of tiie first cost of the canal, even if a higher water-rate hm to be 
charged to cover the expense of their construction. 
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SOS* 1^0 of tilie bed of the rajbaha should be fixed rather irith 
referrace to the full level of the canal than to the levd of the canal 
bed, <hiefij because it is an object to keep the rajbuha bed at a snfBcdentlj 
high level to admit of surface irrigation on its whole line as far as possible. 
Moreover, tiie nearer from the surface that water is taken off by a rajbuha 
head, tiie le»8 will be the silt which enters the rajbuha and the less the 
annual labor df clearing the bed. The bed of a rajbuha will, therefore, 
generally be from 1 to 3 feet higher than that of the main canal. 

Its section may be as shoim in the Plate. 

The declivity should be regulated as far as possible by the mavimnin 
velocity of current which the soil will stand without cntting away, and as 
the body of water is much less than in the mun canal, the elope of the bed 
may generally be greater —2 feet a mile is not too much. 

If/alia are rendered necessary by the profile of the country, they must 
be provided on the same principle as those on the main line, and it is 
even advantageous to have one at the point where one rajbuha tmls into 
another, to get rid of back-water and prevent the accumulation of 
silt. Escapes are also advisable where they can bo provided. 

Rajbuhas may be cleared of silt twice every year, viz., in April and 
October, or when the water is least required. Hie flooimgs of all bridges 
and other masonry works built over them, will of course have been carefully 
laid down to the proper levels, and will give so many permanent bendi- 
marks for restoring the correct level of the beds. 

809i The* greafer the amount discharged by a rajbuha the smaller 
will be the proportion of cost of maintenance to the revenue derived. This 
is evident, when we consider that, “ ccateria parihua/ a channel 12 feet 
wide discharges more than double the volume delivered by two, each € 
feet wide, and consequently has more than twice their irrigating capacity, 
while the cost of patrolling and r^airs to banks on the first will be just 
one-half that on tiie two last. The carrying powers of large volumes of 
water being also greater, the deposit of silt in the 12 feet rajbuha will be 
more gradual than in the 6 feet channels, thus doing away with the neces¬ 
sity of inquent dearances. The actual amount of clearances during the 
year is also diminished, for a great portion of the silt which would be ra¬ 
pidly deposited at the head of a small line, is carried along and dropped 
into the water-oourses brandbing off from a large one. The labor of dear- 

* partfnplt in falm iron a UnBonadun Iqr UtjiM: Btovslow, B.E., lata BuperiateBdabt 

Um BaitarB Juama Canal. 
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•Uce is thus iii tome Bieasttre tlirown cm the euMtatm*} whfr %okM hli^^ 
to pay for it in any case, but by whom it is much more ‘fiiilfeimeit 
♦ban by the Gk>ven^en^ working parties. Fot the aberrb teaSotis, Migor 
Brownlow adrocates the adoption of capadots heads for T^biih'a ehhnnels, 
the limit of discharge being the ability to control the volume of water in 
case of a breach. Experience seems-to prove that irrigation fnay be safely 
and most profitably carried on from channels 18 feet wide at bottom, with 
side slopes of 45®, depth of water being 3| to 4 feet', provided that the bed 
be kept at least 2 feet below soil for the first ten miles of its conrse, and 
that no outlets be allowed iu subseq[uent embanked portions of the line. 
Also that no rsjbnha maintained by the Government should have a less 
width than 6 feet at head. On the Eastern Jumna canal daring 1858-59 
and 1859-60, the revenue from all rajbuhahs of 12 feet head water^^way 
and upwards, amounted to rupees 1,29,618'76, while the expenditure on 
their maintenance was rupees 16,038*05, or *123 of the revenue. IThe 
revenue from all rajbuhas below 12 feet water-way at the head was rupees 
2,67,049*83, and cost of maintenance, rupees 66,579*87, or *228 of .the 
revenue, being very nearly double the proportion in the first case. 

The economy of water on the large channels is equally marked, for, 
duriug the above named two years we find the revenue from 


7 T^buhas of 12 ft. bead water^wsj and upwards, Bs. 1,29,618*76 
49 I, of 6 „ „ „ 2,16,482*86 

29 „ of S „ „ „ 50,616*97 

giving im average revenue per annum of 

Rupees 9,258*48 from a nirjbnha of 12 feet head water-way. 

„ 2,208*58 „ of 6 „ » 

„ 872*70 tt of 3 „ „ 

Measurements made in 1855 gave 86, 82, j4nd 22 cubic feet, as the 
relative Charges in cubic feet per second firmn 12 feet, 6 feet, and 8 feet^ 
heads on»4hifl canal; but subsequent measurements suggested- a modifica¬ 
tion of, the proportion to 90, 32, and 22; adopting which, we have as the 
relative'Values of a culnc foot of water per annum— 



or 10 : 7 : 4. 


Rupees 102*87 on 12 leet tajbuha. 
„ 69*60 „ 6 H 

„ 89*65 ,, S „ , , » 



The increased juition of absmption and evaporitiion on the small chan-. 
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neli^ v^ jii^n^eked Tctomes and feeble sluggish cdnen^ acoonnts for 
tlie thoj9 shown. , . 

Iho (^ih of water in xubuhas should neror exceed 4 feet, but in canj^ 
ing out^a new line of irrigation we should aim at keeping the surface of 
water at about 1 to feet abore the general surface of countTf, so as to 
secure irrigation by the natural 6ow of water. Under these conditions 
breaches in the -banks need never bo feared, with ordinary care in their 
oonstmotion and maintenance. This object, however, is to be kept in due 
subordination to the primary desiderata of a reasonable longitudinal slope, 
and an alignment following the watershed of the country. 

Where the existing supply on a rajbuha becomes insufiScient for th«^ de¬ 
mand, it will be in the end found more economical to increase the dis¬ 
charge by widening the original channel for a suitable distance, than to do 
so by carrying the required additional volume down from a second head as 
is often done; against the latter course all the arguments before adduced 
hold good, while the back-water from the head which is running the 
strongest, is sure to dieck the velocity of water in the other, and so im¬ 
mensely accelerate the deposit of silt 

Two heads may under peculiar circumstances be required for a rajbuha, 
but iu such a case, their junction should be at least two miles from the 
main canal, and Major Brownlow dissents from the general opinion that 
the necessities of irrigation require a rajbuha being thus provided. With 
ordinary energy and arrangement, a channel can bo cleared of silt at the 
head in four or five days, and not even rice will suffer by being deprived 
of water for that time if care, has been taken to give it a good watering 
previous to the closing, which timely warning to the cultivators will always 
ensure. 

The rajbuhas on Ihe Eastern Jumna canal have lon^tudinal slopes of 
all inclinations from 4 feet to 6 inches per mile. The former is however 
too great md the latter too small; 2 feet per mile is perhaps the best dope 
to give, and no great inconvenience is experienced with slopes pf 1 foot per 
mile, but below this the deposit of silt and contraction of cbaonel from 
growth of weeds become most mmoying In small r^buhas. 

The system of nusing water to the level of the country where it runs 
below the surface of soil by stop deme or plarike, introduced into grooves, 
oonsfrncted for the purposes, cannot be too strongly condemned. Hiiese 
convert what diould be a freely flowing streath, into a series of stagaa^t^ 
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and unwholesome pools, .encourage the growth of weeds and the deposit 
of silt, and are in ererj way objectionable. Besides, with a reasonable 
elope in the surface of the country, it will be generally found that for every 
beegah of irrigation thus secured, ten can be obtained further on by the 
natural flow of water. Be this, however, possible or not, it is decidedly 
better to resort to any other means of raising the water to the level of the 
country than the above wasteful and unhealthy expedient. 

The following statement shows cost of maintaining the rajbuhas on the 
Eastern Jumna canal daring 1858-59 and 1859-60, including share of 
establishment payable from tuccavec account:— 


Veev. 

Cost of repairs. 

Water-rote. 

Area irrigated. 

xi-tal length of 
channels. 


BS. 

US. 

BS. 

Ulles. 

1868-69 

39,44364 

1,66,378*16 

2,46,410-45 

1 601-71 

1869-60 

36,729*52 

2.46,206-70 

3,63,983*76 

) 

Mean, 

38,086-63 

2,05,792-28 

3,06,197-10 

601-7i 


From which we deduce the following average results t^entage of 
repairs on water-rate, 18*50 or 2 annas 11J pie p»>r rupee; c(>st per 

T 

beegah irrigated, rupees 0*125 or 2 annas; cost per mile of channel, 
rupees 63*29. 

The expenditure on rajbuba repairs has been much reduced of late, by 
the system of driving at furlong distances across the beds of these chan¬ 
nels, a line of stakes with their heads at correct levels of bed. Unifor¬ 
mity of slope is thus ensured, measurements of silt clearance are easily 
checked^ and a momentary glance shows whether the work has been 
efScienily performed. At least once a year, the bottoms and side slopes 
at the ends of long lines of imgation, should be scraped and cit away 
to the proper section, as nothing hinders the progress of water and 
encourages the growth of weeds so much as irregularities of bed. 

A 

The rajbuha heads have already been described; those on the Eastern 
Jumna canal are 6 feet wide; while the feeders are 3 feet. The capacity 
of channel has of course to be flxed with reference to the slope and amount 
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of waU»r required, Die latter being determiued by tlie area of land requiring 
irrigation. 

tJlO. Tlie village water-courses receive water from the rajbuha by means 
of l.‘olabahSf which are long wooden* tubes with a rectangular transverse 
section of fixed dimensions running under tlic rajbuha banks, being closed 
when ivquired by a sliding wooden shutter. They should be fixed rigidly 
ill n liorizontal position and at rigid, angles to Uie rajbuha bed; the bottom 

the kohibah being slightly raiseil above the level of tlie latter. 

The In'iijaiiuti or “/ho/uAas,” on the Eastern Junma canal are 

of r.\r kinds. “ h'ull."' measuring, 8" X 10" (the latter dimension being 
.ertl' iil); and liailV* nieasu 8" X 5". The conditions of discharge 
v.'irv iudefiniit .> iih each outlet, lint 2 cubic feet may be assumed as 
the average \olurne deliver'd by a full, fiii'l trie cubic foot ns that delivered 
!>y ;i half, kolaba, pe?' second. 

Kuhdws on the Eastern Jniima canal were formerly placed at various 
f.- igids aliovt the rnjliuha l>-"' 'Ihuinisliiiig from 1 foot near tl»e head 
<•' ■’> t'nehes o. less, at the lad, with the view of equalising, in fsome 
ore, the .end of vvater on e;tch. Fiut in practice this jilan was found 
lin;oiivi ni'‘iil, 'luiiug jieriods of small expenditure of water, it 
’•t'c;.inc necessary to run i.. .irly a full supply in rajbuhas to give the 
:c ■ il ii.- 1 -,.' licad any water at all, and the channels at the tails of long 
‘ i,< i.cc.'inn- i‘ goi^.d thai breaches in the banks were sure to ensue. 
Ir si,k>..', (hi ex.orior conditions of discharge vaiy so much as to nullify in 
t; luiuisure. all interior .aiTaiigemcnts, The outlets are therefore, now 
bisil! all Hush with the bo(’ by which means the irrigators at the head can 
•jbliiiii water widi a low sxipply in the rajbuha, and any extra advantage 
tiicreby gJiined can lx‘. compensated for by longer “ iatccls ” when ueccs- 
f-ary. 

dll, Wlien the supplj' entering the head of any irrigating channel be¬ 
comes ineuflicient for the demand, it is necessary to distribute water 
fairly by closiug or diminishing the supply entering the outlets near the head 
lor a certaiji lime, and thus forcing it down to the taiL Such a closing of 
outlets is known as- a **taieel." It is better not to imijose a “tateel ” ou 
rajbulia head' '•! I lo regulate the supply entering them according to tiie 
demand iowov down the canal. The advantages of a constant but moderate 

4 t 

* Whenerer txiRdb).' fnc tabc slioubl bo of moro laotliiR materinl than wOOC. EarthenWure pipe* 
•el ia concrete, with lUAf ;iiiry findo, are now generally used. 
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supply in rajbuhas aro, that mbaiikmeuts are kept moist and are thereby 
less liable tu crack and bo breached by water, and that the growth of grass 
and weeds in the bed is checked. On the Eastern Jumna canal, it is the 
ciistom to allow 9 inches of water fall over the upper edge of the planks 
in the grooToe of a first class head (6 feet water-way), and 6 inches over 
the Upper edge of those in grooves of a secmd class head {3 feet water-way). 
When the supply thus admitted is insufficient for the demand on the raj- 
bnho, “ tateels are placed on the kolabas near the head for certain fixed 
periods. Where tateels become an established custom, as they must do on 
every fully developed system of irrigation, it is advisable to impose them 
over long portions of a' rajbuha at once; and to fix certain days of the 
week for their maintenance. Short lengths of tateel have very little effect, 
besides being nearly as troublesome to watch as long ones, and /.emin- 
dars will remember days of the week who cannot be brought to recollect 
dates. On the Eastern Jumna canal, notices of tateels are given to 
irrigators who close their kolabas of their own accord at the appointed 
time. On long lines, the outlets on the first length (near tlie head) are 
closed for four days of the week, aud on the second portion for three days, 
thus ensuring a permanent though moderate supply to those at the tail. 
Water-courses more tlion three miles long are allowed to ran at all times. 

313. Field irrigation is known os Tor or D&l,* according as it is, or 
is not, surface irrigation. In the former case the water flows over tlie 
fields through cuts in the banks of the water-course which arc then closed. 
In the latter case it is raised or thrown on to the laud, usually in a pri¬ 
mitive manner by men with shallow swing buckets and ropes. Of course 
less is charged for water supplied to land where the levels do not admit 
of tor irrigation. 

313i Water-rates are assessed on the area irrigated, and vary accord¬ 
ing to the nature of the crop and the amount of water it re([aLres. A 
separate jfprongement and payment is either made for each harvest, or a 
contract is made for a certain number of years. The measurements are 
made by the Canal Officers, and the amount due by the different villages is 
recovered by the Collector of the district. 

The Waixr-ltatea of the Eastern Jumna canal are assessed on the 
irrigated area of different classes of crop's. The measurements of these 
areas are conducted by the Zillahdars, and checked by a “ darogah of 

• Torna to brenk (the bank). Dol*a to throw (the water). 
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measurements." During October and Aj^ril of each year, each Zillahdar 
commeuces measuring up the irrigation of the preceding fuel. Four chmne 
are enough for one man to look after ;^each chain re(][aires two “ mirdas” 
and a “mohurrir." The area measnrteinent by one chain in a day varies 
of course with the size of fields and nature of crops. Khureef crop, 100 
beegabs; rqjpbee, 200 beegahs. Canal beegahs 165 feet square = 3,025 
square yards — ^ acre. Measurements made with chain of 82*5 feet 
divided into 10 guttas of 8*25 feet, subdivided into 10 Icurries of *825 feet. 

The measuring party is Micompanied by the chokedar, who points ont 
the irrigation, and by the lumherdar or putwarree of the village, who gives 
the name of the cultivator. All measuring parties should be frequently 
vi.sited by the Executive Engineer and his Assistants, who should person¬ 
ally verify tho accuracy of the work previously completed. 

314. It is clear, however, that the fairest method of charging payment 
for water is to sell it as one would sell any other article; that is, according 
to the. quantity taken. It cannot make any ditterence to the canal proprietor 
'irictl becomes of the water aft§r he has once issued it and been paid for it, 
and io have to enquire to what purpose it has been put before he can fix 
or r.-'jnive its price, is naturally jjroductive of vexatious interference, and 
miii(:c('ssary expense and delay. Unfortunately, however, the difficulties 
in Ihe w.iy of tlclivering water by measurement have hitherto been found 
inpuporable, chiefly because no practical method has yet been hit upon of 
tncasuTing the water under a bead of pressure constantly varying; for not 
only docs the surface level of the water in the main channel continually 
change according to tho amount of water taken off above, the amount of 
rain fall, liilrc., hut the deposits of silt at tho head of the distributing 
channel would also cause the quantity discharged to vary continually. 

The ordinary form of orifice through which water is discharged for 
irrigation is rectangular or circular, tho orifice being set vertically in 
the side or end of the channel forming the source of supply, itths, if AB 
njprescnt the level of water in a canal, and x an orifice through which that 
water issues, as long as the level is uniform the cultivators will receive an 
uniform supply. Let us suppose a cultivator pays for a contiunous dis¬ 
charge through an opening wit^ the water standing in tho source of supply 
one foot above the centre of discharge x. In other words his contract is 
for his orifice to I'emalu open, and for Government to maintain the supply 
at the depth Ax, or one foot. 
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Now, tho Telocity with which a fluid issues from an orifice is as the 
square root of the depth of the centre of dischai^ of that orifice below 
the surface of such fluid. In the case of a small orifice its true centre 



Therefore, should the surface level instead of being one foot above a, 
happen to fall 9 inches, tho cultivator would receive merely h^f his due, 
whereas tliat level must rise 3 feet, or four times the preceding amount to 
give him douhh his due. 

315, What the Italians have done to obtain an uniform discharge, as 
explained in Colonel Baird Smith’s work, may be summed up in very few 
words. Instead of irrigating directly from the source of supply, they 
make use of an intermediate chamber, £F; AB being tlic sourest of supply, 
the water is retained by the wall G, which is fitted with the lifting sluice 
gate liar. This sluice gate is lifted or depressed by hand, so as to main¬ 
tain the water level EF, in the next chamber, uniform, and at tho stan¬ 
dard level, and as long as this is done, and there is a fall out of the 
chamber EF, the cultivator gets exactly what he pays for. 

This apparatus, however, is veiy imperfect. It only mitigates the evil 
mentioned above, and affords no protection against the carelessness or dis¬ 
honesty of the officials whose duty it is to work the sluice gate Har, raising 
and depressing it as the head pressure of water in the canal varies. Jt 
has, however, tho practical advautage of enabling the cultivator to satisfy 
himself that ho obtains his rights more easily, by watching the water level 
EF, tlian by examining the height to which the sluice H* is lifted; to do 
wliich, to any pnr|josc, he must-understand, and have access to the inform¬ 
ation possessed by the canal servant regulating the discharge. 

It is evident that to give, an uniform discharge, contraction of the orifice 
or water-way must take pface in proportion as the depth of w^atcr increases. 
And Col. Goodwyn proposes to employ a cone fitting into a circular orifice 
which bjUbeans of a pully and balance float should sink as the water rises 
and rise as the sinks, BO as always to allow the same amount of 

water to flow throu^ the annular space round the cone. I am not aware 
that this has been fairly tried, and should almost fear it would be too de¬ 
licate for ^ual use, but it has been fmmd by a long series of experiments 
to be practically correct within a very small fraction. 

In the project for the Soane canals the rajbuha heads and village water¬ 
course heads are on the plan of the Italian module for measuring water, as 
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deBcribed above, i. to reckon the water by the diBchai;ge under a given 
head which is known by the ordinary hydraulic rules, either (1) when the 
discharge takes place freely into the air, or (2) when it is simply a des¬ 
cent from an upper to a lower level. 

The latter method is the one used. In both cases the front sluice 
board is used to admit such a supply as ajiall just keep the level of the 
water in the interior chamber at the mark denoting the desired head of 
supply. But on the village water-course heads it would be impossible to 
supervise the working of the head sluice board. It can only be used to 
shut oif the supply when the water is not required. The level of these 
water-course heads must be so placed that when the intended supply of 
water is passing down the rajbnha, every village water-course may just 
have its proper supply, as contracted for. Tlic regulation must be at¬ 
tempted only at the rajbnha head, and the Government will lose a portion 
of the tail surplus, and the other villages or cultivators gain it, when 
one or more villages or cultivators let thjjir modules remain closed. 

316. Tlie following is a description of a new water Module, invented and 
pato7ited by Lieut. Carroll, E,E., which is now being tried on tlie Ganges 
Caujvi, and which promises to be the most successful yet invented. 

To tbc month of the knlaha a valve is attached of the form and dimensions shown 
in the Plate, and which may be mode of brass or iron. 

Its inode of action is very simple. When the plate which hangs in front of the 
tube Is down, the qnadrant whicli is attached to it, is at its highest point, and it will 
Itc seen that n free water-way crusts through the tube and between its under lip and 
the plate in front. If the plate be raised the quadrant sinks into the tnbe, and 
reduces the water-way in proportion to the angle the plate is raised throngh. 

Now, if it bo desired to obtain an o(|ual discharge while the head of water in die 
the canal varies from 3 feet down to 1 foot, the plate is weighted so that the force of 
the issning stream at a 1 foot head shall be just unable to move the plate outwards. 
As the head rises above this the velocity of the stream becomes greater and drives 
out the plate, thus reducing the wider-way till, at a 8 feet head, the plate will remain 
at a very high angle, and the quadrant will close a great part of the water-way of the 
tube. The curve of the plate is so adjusted that it shall rest at such an angle as to 
give the same discharge as at a 1 foot head ; when this is done, it is foimd that at all 
intermediate heads the disohai^e remains almost the same. ■ 'Experiment gives 1 per 
cent, as tlie ordinary deviation from exact equality. This module can be equally 
well wplied to regulate under lower heads such as from 1 foot to 3 inches, but 
roqulres lighter weights and some other simple adjustments. 

The merits claimed for tins module are simpUcily, cheapness, non-liability to de¬ 
rangement or choking, .and the ease with which it can be projected from injury by 
enclosing it in a siUall masoniy or iron chamber. 
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317 , The dtsadraBtfiges of area pi^eat are so Berious, that the 
system of watw inea^ttremeiit bj Charge will no doubt be generally in¬ 
troduced before long in some form or ofheri care being taken to leave a 
liberal margin in &var of the Zemindars. On the Ganges Canal a purtial 
introduction bnfl already been md^e, by ^idng the Pymamdi^ or standard 
water measure', m delivered at the fajbuha heads according to a more ac¬ 
curate standard than has hitherto been done. The following is from the 
instructions issued by the N. W. Provinces Govemihent in 1855, and sup¬ 
plemented by the late Col. Baird Smith, when Superintendent General 
of Irrigation, for the guidance of Canal Officers. 

The standard measure for water issued from the Ganges Canal to be 
tenned the Pymamh, and to be divided decimally into Duswas and l>us~ 
ioan$m, thus 

10 Duswansees « 1 Duswa. 

40 Duswas = 1 Pymanah. 

The standard measnre or pyina^pb, to consist of that quantity of water 
which shall flow in one second of time through a rectangular opening one 
foot in length by four-tenths of a foot in height or breadth, under a con- 
tant head of pressure of three-tenths of a foot measured from tiie upper 

edge of the opening.* Ihts opening to have its lower edge horizontal. 

To be made in a slab of stone or other material not more than two-tenths 
of a foot thick, or as much less as may be practicable; the water arriving 
at it with the least possible velocity and escaping from it with a free run. 

No single opening in any outlet for irrigation to bo mode to discharge 
more than four pymanahs of water. 

The uniform employment of the pymsmah in all transactions is enjoined. 
The maintenance of its conditions as above, with invariable rigidity is 
simply impossible; but with a liberal allowance in favor of the Zemindars, 
under all prdinary circumstances there will be no reasonable ground of com¬ 
plaint, while for Extraordinary circumstances spedlal consideration will be 
had. Superintendents should keep iu sfore a supply of Agra stones to meet 
the demand for them, as the best material for the pymanah. Each stone to 
be 2 feet in length, 1 foot to 1 foot 6 inches in height, and from 1 inch to 
2 inches in thidenees, never exceeding the latter, which is the maxiiffim as 
flxed above. Centrically in each of these stones the measuring outlet to 

* Thk should affiount to a coMtant dlucharga ot l'S6 eubio feet per wcond, but tt appears to hara 
beou dorlaed as the nearest practical approach to « discharge of 1 euUo foot. 
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be cut so aa to give the pyiusnoli or parts of a pymanah that may be re¬ 
quired. To do this, the only dimension in the outlet that varies, is the 
length, rrhish for one pyrnansdi is 1 foot, for five duswas 5 inches, for one 
duswa 1 inch, and so on. When less than a pymanab is applied for, the 
licad should still be bttfit with the dimensions for a full pymanali, and the 
actual quantity required should be given through a measuring outlet of the 
necessary size. It is highly piolmble that all who begin with small de¬ 
mands for water will in time desire to increase them, and when they do, it 
will only be necessary to take the stone out of the masonry, cut the aper¬ 
ture to the larger size desired and then replace it, all the rest of tlie irriga¬ 
tion head remaining as before. When more than one pyraanah is required, 
it will only be netiessary to provide u larger stone, and to modify the other 
dimensions of the bead to suit it. 

Tlie standard of linear mdbsure to he the foot, decimally divided. 

'Jhe standard of superficial measure to be the s<piare ^oot, divided as 
above. 

1'1>(; vitandard of cubic measure to be the cubic foot, divided as above, 
standard of land measure to bo the canal beegah of 5,5 yards square 
or of -*>,025 square yards, divided into 20 ghuuias, each containing 151*25 
square yards. 1*6 canal beeghas make one acre, and 1,024 make one 
staiuit- square mile, 

I'lie standard of time to he the second. 

The standard of work done in irrigation will for the present be 300 
bcegahs per annum for each pymanah of water. This is nothing more 
than a rough average given to facilitate the general adjustment of the 
capacities of channels to the areas they are to irrigate. Tlie precise 
determination by experiment of the quantity of water required for the irri¬ 
gation of land under different crops, is a matter of very great importance, 
and every officer who can add to our knowledge of such details will do a 
most valuable service to the canal. In giving the above standard it 
should be considered, not as a good one, but as the best to be extracted 
from the information as yet accessible on tlie subject. 

The standard foramU for calculating discharges in open channels to' be 
Dubuat’s, or ' 

V = (isjT— 0*1) ( -7=- - -- - 0*3^ 

' ' \v^—i Aap. + 1*6./ / 

Where V is the mean velocity in inches- per second, r the mean radius 
obtained by dividing the transverse section of the stream in square inches, 
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by its perimeter (omitting the breadth ^ the surface) iu linear inches, i 
the length of tlio surface of the current whose height is unity (= cosec. 
angle of slope). 

The standard formula for calculating discharges iu closed channels and 
under pressure, will be the following:— 

D=§wii j {/* + ?) I —Pi I ts/Tg 

Where 

D = discharge in cubic feet, or practically in pymanahs, per second. 

m =: constant of contraction which for all ordinary cases, may be taken 
at 0*60. 

I — length of measuring outlet in feet. . 

k = height of ditto, ditto. 

P = head of pressure above upper edge of,outlet in feet. 

g — 32-174, 

Tables have been drawn np to facilitate calculations by both the above 
fornmlw. 

318« Tlie papers which will be required in settling each contract for 
water are the following:— 

Isi. Khusrah Ah Pmhee, or in igation field list. 

%id. Teerij Ah PasAce, or distribution list of the irrigated lands among 
the proprietors or cultivators paying water-rate. 

3r(f. Jvmtmduindee Ah PasAec, or water-rate roll, showing the amount 
that each individual lias to pay under the different heads for which any 
payments on account of the canal may be claimable from the village. 
Tliesc heads are—^first. Water-rate as fixiid by the terms of contract; 
second, tuccavee (advances)* for original construction of the rajbuha, which 
will be recoverable by such number of instalments as may be determined 
on by Bnperintendents in each cose. In an approximate way the delivery 
of one pymanah of water through means of rajbuhas will cost in capital 
the sum of rupees 350, and so soon as a village lias paid this sum, it may 
be absolved from all further claims on account of original construction of 
rajiiuhas, provided, of course, its consumption of water is limited as above. 
Any increase would be paid for at the rate of rupees 350 per pymanah, 
and this payment would give a perpetual right to the use of the rajbuha. 

* The tacoHvee eyatem of advanoet hu resently been aboUehed. Zemindars wanting new water- 
coaraea, tniut either make them themwlvea, or elae lodge tbe eattmated cost in advance with the 
eanal autborltiea. 
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Provisioii should be uuMle for Ihs msorexy of theodginal expenditure or 
rajbofaBs within fire y^rs from the. time when any - contractor ent^ into 
the rajbuha assooiation. This would grre a charge for cont^'acts at the 
rate of rupees 46 per pjmanah for the khuxeef^ and mpees 2^ for the 
Tubbee, or in annual couttacts, rupees 70 per annum. 

4th. Tuccavee for repairs end maintenance of rajbubaa. Which should 
not exceed from 4 to 6 annas, per beogah, annually. 

5th. Tuccavee miscellaneous, which will include charges for minor 
items, such as building irrigation heads, drainage, and the Hke. 

6th. The Theka Ah Paaheey of irrigation contract, in which the various 
terms agreed upon between Superintendents and Lumberdars contracting 
for villages will be recorded. 

On sanitary considerations no water ^all be issued from the Ganges 
Canal for the irrigation of khureef crops within the following distances 
from inhabited places. 

From miUtary stations, 5 miles. 

From native towns, containing more than 10,000 inhabitants, 1 mile. 

From native towns, containing more than 5,000 inhabitants, half a mile. 

From largo villages, containing more than 1,000 inhabitants, quarter of 
a mile. 

fVem villages, containing less than 1,000 inhabitants, 200 yards. 

And for the purposes of this rule the distance specified shall he measur¬ 
able from the outermost houses forming part of the station, town, or 
village, concerned. 

It shall bo competent to Superintendents of XHvisions, with the sanction 
of the Director, to refoso to grant water for irrigation, in localises which 
appear naturally to possess a malarious character. 
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DUTIES OF CANAL ESTABLISHMENT. 

319i The following extracts from Colonel Baird Smith’s instructions, 
abore quoted, slightly altered to suit recent changes, give a brief summary 
of the duties of Canal Oflieors. 

Itevenue .—The general management of all details in the revenue depart¬ 
ment of each division of the canal is vested in the Executive Engineer. 
He is responsible for the first formation of the contracts with Zemindars, 
for the judicious apportionment of the water-rates, and for the prompt 
realization* of the amounts due by each village to the Government. It is 
farther his duty to see that the revenue records of tho division are com¬ 
plete and kept with neatness, safety and scrupulous accuracy. He is also 
responsible for the efficient administration of the miscellaneous canal re¬ 
venue, and it is to him that the chief Government will look for the gradual 
increase of this, by the establishment of additional mills whore they are re¬ 
quired, tho careful disposal of canal bank produce, and the encouragement 
of traffic on the canal. To enable him to disdiarge his revenue duties 
efficiently, the Executive Engineer was formerly invested with the powers 
of a Deputy Collector, under which he was competent to employ all tho 
means sanctioned by the regulations for enforcing the prompt settlement of 
the Government demands, excepting only that if he considered it expedient 
to proceed against tho real property of defaulters, he had to address a 
requisition to that effect to the Collector of the District, within which the 
said property was situated. 

In subordination to the Executive Engineers, the Assistant Engineers 
of j^ivirions are, after acquiring some experience, authorized to exercise the 
same powers as the Executive Engineers themselves, on the responsibility 
of the latter.' ^ 

The principal native agent of the Superintendent in all revenue matters 
* Tida last dnt; now devolves on the Collector of the district. 
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whatsoever, is the Zillahdary and on his efficiency, the working of the 
canal revenue system in detail almost entirely depends. All tlie vemacu-' 
lar records and accounts are prepared under the order of the Executive 
Engineer by the Zillahdar and liis establishment, and- through him those 
measures which were necessary for the realisation of the canal revenue 
were taken. He watches over the distribution of the water through the * 
agency of the chokedars, and brings all defects therein to the notice of the 
Executive Engiueer. 

Considering the important duties entrusted to Zillahdars, only men of 
known respectability and good character should bo employed. They 
should bo personally active, intelligent and well versed in accounts. If 
they arc ac(|naiuted with the land njveuue system of collection and accounts, 
it will bo an additional recommendation to them, as the canal system is in 
fill essential particulars, almost identioil therewith. 

The ZillahdoT and his establishment should bo employed only in revenue 
matters. It may occasionally and on emergency be expedient to use them 
in cfinnection with the works, liut as a general nile, the less they are di- 
vertt'd from tlx'ir legitimate functions as revenue officers, the better are 
thuse likely to bo performed. 

rtic Zillali Chxiprmsie& arc intended to assist the Zillalidar in making 
minor collections, or such other general work of the kind as may have to 
be provided for. 

roUce.—'X\\<i general supervision of tlic Police arrangements of divisions 
rests with the Executive Engineers, and on their judgment and vigilance 
the efficient protection of the works and water ol the canal mainly depends. 

The powers of Executive Engineers for the above purposes are clearly 
and simply defined in Act VII. of 1845. 

While the general Supervision of Police, in common with all other 
arrangements, rests with the Executive Engineers, Native Deputy Magis¬ 
trates have been appointed in some divisions, with the special olgect of 
relieving the Executive Engineer from the details of work of this kind. 
These officers have the same powers as the Executive Engineers them¬ 
selves, but every order they may pass is liable to revision by Execi^ive 
Engineers, if appealed against within ten days from the date of issue. 

Hie Assistant Engineers may also be made nsc^f in managing the 
Police details of their respective subdivisions. Put Executive Engineers 
should be careful to satisfy themselves that young officers of this grade 
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are competent to use their powers with judguient, discretion, and due 
consideration for the Zemindars, before penmssion is given to them to 
exercise such powers. 

The ZillaMars have the same powers as subordinate officers of corres¬ 
ponding grside in the district civil Police. They can collect evidence in all 
cases included within the Canal Act, and report on the same to their 
proper superiors, but they have no power to punish, and the exercise of 
their capacity to enquire should be carefully scrutinized, and every ap¬ 
proach to the use of improper means to extract evidence should be sum¬ 
marily and severely checked. 

The CJiohedars are the private Policemen of the canal. It is their 
duty to tratch the works and the water within their respectiv l>eats, that 
neither be damaged in contravention of the Rules. They report through 
the Zillahdar to the Deputy Magistrates, or Assistant, or to the Execu¬ 
tive Engineers, as may be most expedient in each case, and in accordance 
with tlie subsidiary rules which may be issued in each diiisiou by the 
Superintendent thereof. 

The most frequent offences are the following, which ..vc given in the 
order of their frequency, beginning with the most common of all, viz.:— 

1. Trespass by cattle. 4. Obstructing channels. 

2. Stealing water. 5. Wilful damage lo works. 

3. Wasting water. 

These are all punishable by fine or imprisonment. 

3SO. To the above may be added some practical hints extracted from 
a Memorandum by Major Brownlow alcady quoted:— 

General duties of Establishment .—An Executive Engineer should not tic 
himself down by assuming direct charge of works or administration of any 
particular portion of canal, but resorvo himself for general superrision free 
to move wherever his presence may seem desirable. Having once distri¬ 
buted subordinate charges to the best of his ability, let him avoid as much 
as possible frequent changes in their extent or “ personnel.” 'Dieso tend 
to tvQsettle the establisbment and render it difficult to apply past experience 
or to trace and check irregularities. They deprive a good man of much 
of his interest in his work and of his acquired local knowledge, while a bad 
one is seldom benefited by change of air; “ ccclum non animum mutant.” 
The exceptions to this rule will be noted hereafter. 



DUTIES OF CANAL ESTABLISHMENT. 


m 


As a rule all neoessary orders should be giveu through the officer 
in charge of the work under inspection and not to his subordinates. 
When one of the latter is present and the former absent, the temptatiem 
to break this rule is often great, but except in urgent cases it is beet 
adhered to, a contrary practice being decidedly subversive of discipline 
and good order. All orders ©specially to natives should be clearly a)n- , 
vcyed in writing. 

A Superiuteudent should constantly place himself in communication with 
/^cjjuintiars and villagors, unattended by the usual train of native officials. 
Thoii and till then will they fearlessly state their grievances. He 
ehonlu iran.-af’ jU itusiness in tlio vernacular as publicly as possible, and be 
perfectly ac. - ■ I'l' I'.t coi-tain fixed hours of every week day. 

Anoiiv' ' .. • •H'lM should never be listened to, but the repetition of 

ojteii aiirl a- 'v', N il coujplaiuls, even thougb ai>pareutly disproved or 
gro»sly ex.aif)reratc(( r- a symptom n(jt to be disregarded. Tlicy show that 
somctbiiig •' wmoyiug tlic people, aiid though most natives will on slight 
foundation build up an astouiuling accusation, villagers will seldom go out 

then’ way to tninip up a totally groundless complaint. 

A' d>Uuit Engineers sboulii be held responsible for the maintenance in 
woiknig oidei' at a reasonable eost of the sub-divisions entrusted to them; 
for arrangoments and for proper distribution of water. To enable 

tbiii., lu rbocb >b'.ij' ('Xj.<‘iiditure on cnri’ent repairs and original works, they 
f;bonb.i ledger d .ip '•ougldy every month, (including cost of materials at 
Ceid.iul Oflict it.s ) die Fyecutive Engineer keeping them distinctly in- 
foimcd of iota! '.‘O'i ailottv. to each account. They should be personally 
acLU'uuiLed wit!: ti>o ju'incipal Zemindars irrigating from the portion of 
canal i» tbeir c' . ev, nud with the characters and capabilities of all their 
native subordinates. They should know the number and irrigating capadty 
of outlets on each rajbiiha entrusted to tlicm. Should “tateels”* not have 
beer prevbnisly established they sliould arrange them v/hen necessary and 
sec that they are strictly adhered to. They should take every opportunity 
of verifying the accuracy of any measurements of irrigated laud that may 
be going on in their vicinity. A young hand is apt to suppose that when 
once hie rajhahas arp in good order he need not often inspect them, than 
which tliero can be no greater mistake. They may bo in admirable order, 

r 

• TTm* olofling of oiillt'ts at thf of any line of jrilgatton in order to force water down to the 
tail is meant by a “ tatcel (boc above). 
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but ooustant mfipeetion will do more to keep tliom eo than many working 
parties. “ llie master’s eye is worth a doarai hands.” 

On the Eastern Jnmua canal the Native DepUy is employed as a 
general rule in moving np and down the line, deciding the numeroxis petty 
disputes about water that are constantly arising, and where necessary, 
punishing iniractions of canal rcgnlations. He also diccks the work of 
any measuring parties in his neighbourhood, inspects the Zillahdar’s 
books, and makes himself generally nseful. Thus employed he has 
been always found an invaluable assistant, and I have never found it 
advisable to localise his duties by placing him iu executive charge of a 
sub-division. 

A good Zillahdar is a man whose importance cannot be overrated- He 
is the light hand of his superior iu all matter connected with irrigation. 
He should know personally all the principal irrigators and owners of outlets, 
and bo known by almost every residcut in his Zillah ^Ihe latter being no 
bad test of his locomotion). Ho will know at any time whore irrigation is 
going on, and pretty accurately to what extent, and conswpiontly to what 
points water should be forced down his rajbuhas by “tatecls/' At the 
same time that he is watching the irrigation of the current/a.'jZ (harvest), 
he will be supervising measurements of irrigation or eollcetion of revenue 
for the past one. On the Eastern Jumna canal each Zillahdar has an 
average of 200 villages, and 250 square miles of country over which to 
superintend irrigation, measure up, and collect the revenue. His office 
books should bo carefully kept up and frequently inspected and signed by 
the Executive and his Assistants. 

Svb-Overseers are chiefly employed as purely executive officials on 
maintenance, or construction of works, but can be made most valuable 
auxiliaries in superintending irrigation. A good man should have much 
inflnenoe in his beat and be looked up to by the cultivators as second only 
to the ;;illahdar. The average charge of a Sub-Overseer on the Eastern 
Jumna canal, is about 10 miles of canal and 40 miles of rajbuha channels, 
with their dependent irrigation. 

The influence of Cliohedars for good or bad is so great that too much 
pains cannot be takers in selecting them, and in keeping their “ morale” at 
the highest pitch attainable. 1 have always found promoted mates or 
tindals of working parties make the best chokedars, as they are generally 
hardy active fellows, and can in case of emergency get repairs executed 
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Unickly and well; men of the “ mirda ” caste, from their aptness at esti¬ 
mating areas and ocqnuiidimuie with land measurements, make good raw 
material, but great care is required in selecting them; from living in the 
large towns tliey are apt to be loose idle fellows. The uniformity of pay 
and small prosx)ect of promotion in this grade, led to a proposal being 
made to Government for increasing the pay of the most deserving chokedars 
on this canal as an indneoment to exertion, and this measure, if sanctioned, 
will I am confident be productive of immense good. It is perhaps advisa¬ 
ble to change those men from one beat to another about once in two years, as 
it docs not lake a man long to get acquainted with his new chaige, and 
they are apt if left too long in one place to make private arrangements for 
the distribution of water, decidedly detrimental to canal interests. 

Their average charges should not exceed 5 or 6 miles of rajbuha or 
canal channel, and 10 to 18 square miles of country, over which to super¬ 
vise irrigation, as otherwise a man cannot go out to distant points and 
return the same day to his cholue, having carefully inspected the inter- 
niedi.ato irrigation. 

Polif'r and Hcvennc .—Superintendents and their Deputies have powers 
<-( an /’assistant Magistrate for the protection of canal property and these 
pow(!rs cannot be too cautiously wielded. A firm and vigilant Superinten¬ 
dent will stjldom have occasion to punish severely, as irregularities are 
easily chocked at the outset. A Superintendent should be most cautious 
in accepting the assertions of his native^ subordinales that such and such 
villagers arc irreclaimable scoraidrels, and should occasionally call to mind 
a pithy native proverb, “ The darkest place is under the lamp.” 

The most common offences arc, grazing cattle on canal banks, making 
ghats across rajbuhas, breaches of “ tateels,” and stealing water from ano¬ 
ther person’s water-course. In the first case the chokedar can drive the 
cattle to the nearest pound, and if opposed (os is constantly the case) he 
must let them go as soon as they are off the bank which is all he cares 
about. Where grazing is persisted in and damage done, it is patent and 
visible ; the grass and perhaps some young trees are trampled down or 
slopes of earthwork are injured. Summon the people who are in the 
habit of grazing on the adjoining land, show them^ the injuiy done and 
take from them a “ moochalka” or bond, that they will prevent the like in 
fiiture or be liable to a fine not exceeding 50 rupees. The canal authorities 
on their part can put up a good fence. 
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Where ghdte are mode by foot passeogers across rajbubas, there is no 
nse in fining (at least I hare never found it stop the practice); so, accept 
the situation, and place a couple of stout straight logs alcmgdde of each 
other across the channel. People infinitely prefer going dry shod to wa« 
ding through tho water, and will consequently abandon the ghat for the 
bridge. I may here mention that no earth Or brushwood should be allow¬ 
ed on a log bridge, as they are liable to fall into and choke up the rajbuha 
channel; the best plan is to purchase a suitable tree in the nearest village, 
halve and dress the trunk placing the two pieces side by side. Where 
cattle are driven across the rajbuha it is generally a sign of a vilify road 
having been left unprovided with a bridge, and the sooner one is built 
there the better. 

In dry seasons, breaches of “ tateel’* are very common, and can only be 
put a stop to, by constant and unexpected inspection of the lines on which 
“ tateels” are in force, and severe panishment of all offenders, commencing 
with the canal establishment, who are pretty nearly sure to be in fault. 
Where a cultivator is accused of stealing tho water from another man’s water¬ 
course, a moment’s inspection will verify the truth of the statement, as the 
breaches in the sides of kool” are apparent, as also the signs of irrigation. 
In such cases settle the dispute by a village “punchayet,” or lake a 
“moochalka” from the defendent, to the effect that he will in future ob- 
t(uu permission before doing the like. All over the Eastern Jumna canal 
the payment to the owners of a water-course of one ama per beegah on all 
land irrigated from it by non-shareholders is an established custom. 

Tho taking a “ moochalka” from a villager, has, as far as my experience 
goes, a certain inexplicable influence over him, which renders it a much 
more efiScient restraint than a fine. Only it mult be taken for a reasona¬ 
ble amount and invariably realised on a breach of the agreement contained 
in it . 

The practice of issmng “ dustuks” for realisation of revenue has been 
entirely put a stop to on the Eastern Jumna canal. Apart from the 
eccentricity of notion that a man who cannot or will not meet a demand 
for a certain amount, is at all likely to pay readily the “ talnban&” in 
addition to the ori^ni|| demand, dustuks” are objectionable as offering 
great mducemeuts to zillahdars to provide for needy relatives, at the ex¬ 
pense of the irrigating communily, and four years’ experience has now 
proved them perfectly unnecessary. Notices can bo issued to defaulters. 
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warning them, that if satisfactory arrangements for paying up arrears are 
not made within a certain time, their moveable properly will be attached. 

When tlie Superintendent is found to be as good as his word in two or 
three instances, the threat has seldom to be carried out. 

The collection of water-rate for any “ fusl” should invariably be cleared 
off before the end of (he ensuing one. Mill-rents should never be more 
than ten days in arrears, and fines should be realised immediately on inflic- 
lion, otherwise they fail to answer their purpose as deterrent punishmenta 
and sink into a most objectionable source of revenue. 



CHAPTER LIV. 

COST AND REVENUE. 

331« The Cost of a permanent canal will evidently vary according to 
its size, the difficulties attending its construction, and the vxuying rates of 
labor and materialB in different localities. It will be useful, however, to 
collate the experience derived from canals already constructed, or projected, 
so as to gather some idea of the average cost of such projects. 

* The total cost of the Ganges Canal when completed according to the 
original design (and including Rajbuhas) will probably be 250 lakhs.* 
Its estimated full discharge is 6,750 cubic feet per second. Its total 
length will be 900 miles. This gives a cost of lis, 3,704 per cubic foot of 
discharge, or Bs. 27,778 per lineal mile. 

The Barec Doab canal will probably cost Rs. 1,35,00,000 is calculated 
to discharge 3,000 cubic feet per second, and will be 469 miles long, giving 
an average of Rs. 4,500 per cubic foot, or Rs. 28,784 per lineal mile, 
exclusive of rajbuhas. 

The Eastern Jumna canal has cost Rs. 16,78,000, l>eing 134 miles 
long, and discharging 1250 cubic feet per second, thus averaging Rs. 1,342 
per cubic foot, or Rs. 12,522 per mile, excluding rajbuhas. 

The Western Jumna canal has cost Rs. 21,29,000 j: for a total length 
of 445 miles and a full discharge of 2500 cubic feet, being Rs. 852 per 
cubic foot or Rs. 4784 per lineal mile, excluding rajbuhas. 

The Sutlej Canal is estimated at Rs. 1,10,19,000, (exclusive of per¬ 
manent dam at the head,) for 530 miles, and a full discharge of 3500 
.cubic feet, being Rs. 3,148 per cubic foot or Rs, 20,790 per mUe, without 
lockage; and exclusive of rajbuhas. 

The Soane Canals are estimated at Rs. 1,85,72,000 § for a length of 
. 826 miles, and a discharge of 3124 cubic feet, being Rs. 4,344 per cubic 
foot or Rs. 16,431 per mile; inclusive of rajbuhas. 

• Ba. 9,ia, 98,000 to end at 1888-64. f Ba. 1,08,88,000 to end of 1863-68. f To end of 1888-64, 

{ SzclndlnB nie cost of the permanent dam at the head which amounta to Ba. 18,00,000 more. 
The laneth of.tbis cmmI Ja much greater in propmtion to the dlacbarge than that of tbs otben. 
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Excluding therefore the Jumna'canals, which were not entirelj new 
projects, and assuming that the cost of rajbuhas will be Rs. 1,000 per mile, 
and that there will be three miles of rajbuhas to one of main canal channel, 
it would appear that a first class canal of Irrigation when complete, with 
rajbnhas, will cost on an average Rs. 4,200 per cubic foot, per second, of 
maximum discharge, or about Rs. 25,000 per mile of length. 

The above may be considered to include the whole cost of first construc¬ 
tion, including establishment; while the establishment for maintenance, 
with the cost of annual repairs, will afterwards of course become an annual 
charge or drawback upon the revenue. 

32:2. Jievmue .—This is derived first and chiefly from Water-rent 
which, as said al)Ovc, may be charged on the amount of water distributed 
or the area of land irrigated. 

The following are the rates for water now in use on the Ganges Canal:— 

Tor. nai. 

Bfl. A. V. ns. A. P. 

1st Class. For Sugar, per annum, per acre, ... D 0 0 3 5 4 

L'lid Class. For Fruit, nursery and vegetable gar¬ 
dens, singlmras, cnltivateil grasses, 
lucerne, guinea grosses, &c., ajwain 

and similar herbs, riee, . 3 0 0 2 0 0 

3rd Qass. For indigo, cotton, tobacco, wheat, oata, 2 4 0 1 8 0 

4 th Class. For Indian corn, safflower, chceua, 
barley, goehnee, oil seeds, jowar, 

Pulses u? all kinds,.1 10 8 10 0 

Villages taking water from the canal for irrigation are exempt from all 
charges for watering their cattle aad for water required for domestic pur¬ 
poses. Other villages pay for watering cattle, 6 Rs. per 100 per annum. 
For watering sheep or goats, 2 Rs. per 100 per annum. For filling 
tanks (not iiTigating) the water is paid for at 1 rupee per G,000 cubic feet 
in bulk. 

Transit dues arc fixed from time to time for boats or rafts plying on the 
canal. 

Other Bcources of revenue are from Com mills, which are built by 
Government, and rented annually to the highest biddor. 

Cayial produce, such as grass, &c., also sold annually. FinAs for 
breaches of canal regulations, such as stealing water, trespass, &c. 

On the Baree Doab canal the standard of area measurement is the Kunal 
of 4,500 square feet, and the charge for water at present is 4 anuas per 
kunal per annum or crop for I'or irrigation, and 2 annas for Ddl. 

On the Soane canals the expected water-rent was reckoned at Rs. 1-0-0 
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per beegah, per anAnm, for the two crops, or Bs. 1-12>2 (equivalent to 
Bs. 2>8-10 per acre) if the rajbohas were made at the Oovemment cost, 
as was proposed. 

On the Western Jumna canal, lands are divided into 1st and 2nd class, 
the former paying 12 annas per beegsh for Tor, and 8 annas for D&l. 
The latter 6>8 and 5 annas per annum. 

But besides the direct return from water-rent, there is an indirect return 
due to the canal, arising from the increased value of the land, and therefore 
the increased rent or land-tax that it can afford to pay to Government, 
the difference in produce between well and canal irrigated land being con¬ 
siderable, while the difference in cost of irrigation under the most favorable 
circumstances for each, is reckoned as 3 to 1 in favor of the latter. This 
indirect canal revenue may, and does often, amount to considerably more 
than the annual value of the water-rent, and though it does not appear 
in the canal returns, the work should always have credit for it. In the 
17. W. Provinces it is estimated at Bs. 1-8 per acre, per annum, on the 
whole area irrigated. 

3S3« Allusion has already been made in a former Chapter to the 
effective work done by every cubic foot of water in a canal, generally called 
the irrigating duty per cubic foot. It is evident that by dividing tlie total 
annual water-rent received during tlic year, by the average discharge per 
second throughout the year, the annual value of each cubic foot of water 
can be determined. 

Prom the latest returns available, the following table has been compiled;— 
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The irrigation in the Ganges and Baree Doab canals is not yet fully 
developed, though steadily and rapidly increasing on the fonner. The 
Eastern Jumna canal returns however may be safely and fairly taken as a 
guide in estimating others. 

The rate of expenditure on well managed canals in good working order 
may be taken at Rs. 120 per cubic foot, with an extra Rs. 50 for rajbuha 
repwrs, if they are done by Government. The difference between the in¬ 
come and expenditure, is the clear profit per cubic foot of discharge per 
annum, whence the per centage of return on the original cost of the work 
can be determined. 

Comparing the above figures with those given above, we get— 

Average prime cost of a cubic foot of water, per 

second, of discharge, .Rs., 4,200 

Average annual value of a cubic foot, say Rs., 300 
Deduct average annual expenditure on 

a cubic foot,... ... ... ... „ 120 „ 180 

showing an annual profit of about 4^ per cent. 

But the water-rates from which the second item has been deduced are 
very low, and have since been considerably raised, so that the average an¬ 
nual value per cubic foot, ought to be considerably higher than the above. 

And this calculation is from water-rent only, and takes no account of the 
enhanced value of land; assuming this enhancement, as said above, at Rs. 
1-8 per acre annually, and that each cubic foot irrigates 220 acres, then 
the net returns would be swelled from Rs. 180 to 510, and the return on 
the capital would be 12 per cent. 

334, It is evident however, that the data for the above calculations are 
exceedingly variable, and canal statistics are too imperfect for them to be 
considered as anything more than rough guides—as such however they are 
valuable. The saving in remissions of revenue which are often forced upon 
Government during seasons of drought, in districts where artificial irriga¬ 
tion does not exist, and the general prosperity of the people, are also items, 
which although they cannot be exactly reckoned by figures, arc of not the 
less importance on that account, and must be set down as very tangible bene¬ 
fits derived from canals. The value of the crops irrigated by the Ganges 
canal for last year is estimated at 1| millions sterling, of which the sugar, 
cotton, and indigo, valued at upwards of £600,000, are almost entirely 
due to its influence; and wheat valued at nearly half a million is li^rgely 
indebted to it. 
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One other point remains to be noticed in connection with the benefits 
from Canal Irrigation,—^the raising oMhe surface water in wells owing to 
the percolation from the canal, whereby the labor and cost of well Irriga¬ 
tion is of course very much lessened; moreover in many of the desert dis¬ 
tricts where brackish water has alone been fodnd before the constructlou of 
the canals, the effect of the Water in the latter has been to sweeten the 
well-water, and make it palatable for drinking. 

Against these benefits has sometimes to be set tlie formation a^jheels or 
swamps in low ground, which, however, may generally be reclaimed by 
proper drainage. A more serious evil is the presence of the saline efflor¬ 
escence (known locally as Beh in the N. W. P.), on some kinds of soil 
when irrigated* which greatly injures its productive value. On the Wes¬ 
tern Jumna canal this evil has been the subject of serious consideration, 
and 1 believe it is partially developed on the Baree Doah Canal. The salt 
appears to be in the ground at a certain depth, and to be developed only 
after bemg flooded with water—and hitherto no ciTectual remedy has been 
devised for it. 

Still these are very small and partial sets of against the immense bene¬ 
fits due to Irrigating Canals. 

The minor items of Revenue from Irrigation Canals, and which have 
been named above, need not farther be commented upon here. 

From the report of the Chief Engineer of Irrigation N. W. P., it ap¬ 
pears that the net profit for the year 1864-65, upon the original cost of 
the Eastern Jumna Canal was 12’85 per cent—and for 1863-64 (tlie latest 
returns I can get for the Western Jumna Canal), the profit is 15 per cent., 
or taking into account the increased land rent due to its influence to 32 
per cent, on the original outlay. The above includes the direct returns. 

As these are the only two canals of any size on which the Irrigation 
has been at all developed (indeed the Western Jumna Canal is still far 
from perfect) the above returns arc of interest and value—and seem to 
prove that a good remuneration from such works will in tlie end accrue to 
their proprietors, if designed and carried out on proper principles. On the 
other hand no Engineering Works require so much anxious forethought 
and scientific design as Canals of Irrigation, as none require more skill in 
ronstmetion as regards both the workmanuiip and materials employed. 

* This «vll hoverer it not the result of canal vater^ only. Well irrigation le often more conducive 
to its production than canal Irrigation. 



CHAPTER LiV. 

MADRAS CANALS. 

Tuk Madras System of Canal Irrigation, like tliat of the North 
Western Provinces, is simply a development of the old native method, 
improved on scientific principles and carried out in a more permanent 
manner. 

A general ontlinc of the native system may be given in a few words. 
Channels of supply, j>roportioned in dimensiuns to the area of the tract 
<lependcnt upon them fur irrigation, were cut from the river bank, and sup^^, 
plied sometimes with head sluices of masonry, but very often wanting in 
these necessary works. Tlie levels of the heads were so arranged as to com¬ 
mand a full supply in moderate floods, and the water was led to the fields 
by infinite numbers t smaller cbaniiuls of distribution. When the level of 
the river surface was too low for the supply of the channels, the construc¬ 
tion of a temporary earthen dam (corumboo), or a permanent masonry 
dam (anicut ) was had recourse to, and tlie water was thus rair id to the 
requisite height. 

Our improvements on this system have consisted in establishing perma¬ 
nent Dams to replace the temporary ones, and in a better alignment of 
the irrigating channels, which are in fact much tlie some as those describ¬ 
ed in the first Chapter as Inundation Canals, with this important difference, 
however, that by tlie construction of the Anicut or Weir at the head, the 
permanency of their supply is ensured. 

The general fall of the Deltas, on which,the largest works have been 
constructed, does not exceed 12 inches per mile, from the head down to 
the sea. The difiiculties therefore, that have to be encountered in the 
Upper Provinces from an excessive fall in the upper part of a Doab, and 
from the country being cut up by formidable hill torrents, are not met 
with in these Delta wqrks; and they have the still greater advantage of 
being continually progressive, both as to cost and revenue; in other words 
the returns from them are quicker, and perhaps more certain, This arises 
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from the tenure of the land, which is on the Ryotwaree system, being held 
by the cultivator direct from GoverumAt at a yeariy rental, instead of on 
a Permanent Settlement, as in Bengal, or on a 30 years’ lease] as in the 
N. W. Provinces. No water-rent is charged, but a higher rate is gladly 
paid for irrigated laud, and the whole increase of revenue credited to the 
Irrigation department. 

But besides the great works on the Deltas, irrigation is largely carried 
on in the plains higher up, by namerons supplying channels cut from 
minor streams, across which anicuts are thrown, and leading to the fields 
themselves or to tanks, in which the water is stored up for future use. ■ 

326. A plain which it is desired to irrigate can hardly be so situated, 
but that the bed of a neighbouring river is at some part or other of its 



Note.—In the plui, the same l-sbbaa nier to ipote that bi« on the eoine lerel. 


course relatively higher in level. Supposing a surface AB to slope from A 
to B at the rate of 2 feet iu a mile, and to be traversed by a river CD, the 
bed of which falls at the same rate, but is throughout 20 feet below its 
banks, it is evident that the part of the slope which is 10 miles from A 
towards B will be on the same level as C, and that were a channel GE 
excavated, with a horizontal bed, water from the river above G would flow 
along it until it reached E, whence it might be conducted to irrigate the 
lower portions of the slope EB. 

In like manner, if tke bed of the channel were made to fall one foot per 
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mile, it would at 10 miles be only 10 feet below the country ; aud at 20 
miles, having gained .a foot per it would emerge on its surface. 

The case is more unfavorable, but still similar, though the countiy 
should also slope, as it most frequently does, towards the river, as well as 
towards the sea. In tliis case the water to the lands farthest from tlie 
river must bo brought from a part of the bed nearer to its sources, and 
the excavations must be deeper; or, as it will often happen, the expense 
bearing too high a ratio to the attainable advantage, the irrigation must be 
restricted to those lauds which lie nearest to the course of the river, and 
at the lowest levels. 

Channels of irrigation have been taken off rivers such as the Palaur in 
Arcot, the fall of the bed of which is at the rate of nearly 10 feet in a 
mile, anil its ill defined banks 6 to 8 feet high; as well as from such as the 
Kistna, which runs with a fall of less than 1 foot per mile, and between 
steep banks of 35 feet. 

It is the relative fall of the river and of the coimtry on its banks, which 
fletcrinines the least length which the channel can liave, in order that its • 
bed should emerge above the surface, and its water be brought to use; 
but when the freshes are of short duration, and chamiels arc led to tanks, 
it is evidently desirable in order that they shoiild deliver water rapidly, 
tliat Ihey sliould be wide, and the velocity of water in them considcmble, 
altliongh to afford slope to their beds, their length should be extended, 
and the expeffee of excavation increased. Six or eight yards may be 
considered the greatest depth to which irrigating channels have yet been 
excavated in this Presidency, but the general average is not more than 2 
or 3 yards. Gi*oat portions of some channels have been formed by throw¬ 
ing up one bank only on the lower side of a slope; and the heads of 
seme river cliannnls, by separating part of the bed of the main stream by 
means of an artificial bank, protected by river grasses, &c. In some cases, 
these artificial banks are carried for very considerable distances up the 
rivers, or obliquely across their sandy beds. 

Buch banks, termed Corumhoo, are generally over-topped and carried 
away by all freshes of more than yard depth of water. They are tem¬ 
porary expedients or substitutes for permanent dams or anicuts, to turn 
the early and low freshes of rivers into irrigating or tank channels, and 
being liable to be partially, and sometimes entirely destjfoyed by oveiy full 
fresh, require to be repeatedly repaired, and occasionally reconstructed dur- 

3 B 


VOL. IX. 



894 MADRAS CANALS. 

# 

ing erery season. They sre nsnally constructed and kept in repair by the 
proprietors of the tends which they iftgat^ without any cost to Govom> 
inent. 

837. The word “ Animt" is Tamil, and means generally dam or weir. 
En^neers hare generally restricted the use of the term to a dam across a 
stream, and that of the word “ Cidingnlah ” to a work of similar form in 
the bank, either of a supplying stream or of a tank. 

The chief object of Anicuts is to raise the water of tlm streams they are 
huilt across, in order ttiat a portion of it should be diverted into channels 
leading, os the case may he, directly to the holds or to tanks, in which the 
water is stored np to be used as reqnircd. Some anionts arc, like ca- 
lingnlahsi, furnished with dam-stones to Buslain temporary banks of mud, 
&c., and to raise the water in the river beds during the dry season and 
and the early and low freshes; such temporary embankments being washed 
away by the freshes. Others are provided with sluices, or have low parts 
or gaps left in thorn, seldom exceeding 5 feet each; within which limit, it 
is not difficult to provide moans of closing, such as shutters, «,V:c. By these, 
the sand is more or le^ prevented from accumulating to the height of the 
crown of the dam; and parts of the beds of the rivers, generally inconsider¬ 
able however, are thus formed into pools extending towards their sources. 

These are in no instance looked upon in the light of tanks. They may, 
for a trifling period at the very end of the dry season, answer the same 
purpoac, but the^ irrigation depends in all cases either up^n the continual 
flow of a small quantity of water during the early part of the hot season, 
or upon tanks generally far away from the river, and which arc supplied 
by cliannels daring the freshes. 

Almost all the rivers in the Carnatic, are little more than beds of dry 
sand during the hot season, and very Kttle water can then be procured 
from them for the purposes of irrigation. During the monsoons they are 
more or less full, and it is then cmly, or at least chiefly, that a portion of 
their waters is directed by means of anicuts and channels into the adjom- 
ing country, to mcasten and fertilize the rice and garden lands. During 
the periodical rains there ds generally too much water, and in the hot 
months none, and the object of all the expedients and works of irrigathm 
is to rectify these evils, by collecting and retaining in tanks or reservoirs, 
portfons of the surplus water of the monsoon, for the irrigatiem of tlic 
country during the dry season. 
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When the slope of the country is gradual, it is evideut that a dam 
across a liver may, by raising tli# water iu its bed, very muck dimini sh 
the lenijth of aa irrigating channel to be led off it, and it might appear 
that aiiicuts would on this aoeoiuit be found general in the lower {^wts 
of tlie courses of rivers, whore the fall is gradual But Bus is not the 
case, bocsausc the lower parts of rivers arc generally wider, tlieir beds sandy 
and uu(av()Table to such buildings, and tlicir banks low. The obsti'uction 
of ilic bed in such localities, would raise the surface of the water iu fresh¬ 
es, and render necessary the formation of banks, to prevent tlie iuuudatiou 
of the country through which the river passes; for, however advantageous 
such iuuudsitions arc iu the Deltas of the Ganges and GoJavery, they are 
most carefully guarded against on the banks of the Cauvery and Tam- 
bro))oorny, where the crops are raiseil, not by inundation, but by a very 
urtillcial, and (as far as the science of agriculture is concerned) a very 
perfect system of irrujatwn. 

Auicuts are most genurally useful nearer to tiie sources of streama 
wiicv'' iJic-y travtii'si rocky country. In such situations, rocky foundations 
*'a'i g'-aerally be obtained, and tlie work built securely, while, alUiough 
luc i;-’I of country groat, and channels do not need to be very long, 
>c t witho\it auicuts, the difficulty arising from the nature of soil, in such 
pa^t^ gejjcrally stony, and wiiich it would be necessary to excavate to a 
great Jei>th, wouhl bo very often absolutely insuperable. 

A rocky bed, though a groat advantage, and always ^to be preferred in 
selecting a site for an anicut, as contributing to i^eauco the cost tuid 
increase the stability of the vvork, is not however a*i indispensable requi¬ 
site. Several auicuts have recently been built with perfect eucewss and 
at a moderate expense across rivers, the beds of which consist entirely of 
pure sand to a depth far beyond the foundations of these w<u’ks. On such 
occasions, tlie chief [loiut to be studied, is the formation of a strong and 
substantial apron bonea^b tlie anicut, to break the over-fall of the water, 
and prevent the fouiidal'ous l)ciug undermined. 

Generally, in the wide nii l flat beds of rivers near their mouth, the 
scanty supply of water during the dry scasoajis collected taid turned into 
channels by menus of the temporary embankments of grass, baskets, stidhs 
and sand, which have already been mentioned by the name eorumboo, but 
there are two modem' auicuts ifl such situations, whose success has siaoe 
led to the projection of others in similar eituations. 
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32S« Tbcse are the upper and lower anicnts across Coleroon, 
built at the suggestion, and under the* superintendence of, Captain (now 
Major-General Sir) Arthnr Cotton, of the Madras Engineers. Both these 
works have superseded and rendered unnecessary the construction of ex¬ 
tensive corumboos; while, unlike corumboos they resist the action of 
freshes, and assist the irrigation in all states of the river. The upper 
anient is built where the Agunda (or whole) Cauvery divides into two 
branches : the Coleroon, which seeks the sea by a straight course, falling 
at the rate of about 2 feet per mile; the smaller but more useful branch 
(which retains the nSme of Cauvery) flowing on a more elevated bed; 
and, after having in the short distance of 40 miles, ginned no less than 15 
feet on the level of the bed of the main branch, dividing and subdividing 
until its ramifications spread over the greater part of the Tanjoro District, 
in irrigating which almost all its water is gradually exhausted. For many 
years previous to 183C, the Tanjore cultivation had pressed so closely 
upon the supply of water afforded by the Cauvery, that in seasons falling 
at all below the average, extensive, tracts of valuable land cither remained 
uncultivated, or were subject to the still greater evil of being cultivated 
in vain. The defect was chiefiy attributed to the accumulation of sand 
in the upper part of the stream near its separation from tlie Coleroon, 
and to remove which tarious expedients were devised and adopted, with 
partial but only temporary success, and inadequate to the necessities of the 
case. 

At tliis conjuncture, viz., in 1684, Captain Cotton, then Civil Engineer 
of the Division, devised the anicut which is built across the Coleroon, 
about 100 yards below tlie separation of the two rivers, and by raising the 
bed of the Coleroon about 6' feet, has, without diminislung, except in a 
trifling degree, the capacity of its section for the passage of high freshes, 
rendered available for the supply of the Cauvery and of Tanjore, all the 
water which even in the driest season, and when most wanted for irrigation, 
used to pass waste to the sea. l^e lower anient was built in the same 
year, about 70 miles down the same river, and serves to turn the water 
that accumulates in the intapvcning part of the river bed, from the drainage 
of cultivation and the springs that ooze from the sand, into the country 
on botli sides, and irrigates extensive and fertile tracts of land in the Tan- 
jpre and South Arcot districts, between the anicut and the sea. 

339. .xDiicuts, as usually constructed, are walls of masonry erected on 
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a solid fonndftion and carried right across the whole breadth of the rirer. 
The material used is either stone throughout, or brick-work covered with 
cut stone, the foundations usually resting on shallow wells sunk in tho 
sandy bed of the river (unless the site happily offers a rocky foundation), 
and the superstructure made partly of dry stone and partly of stone set in 
mortar. The sill of the anicut over which the flood-water pours, is of cut 
stone sot in the best cement. The face of the work may be perpendicular 
or nearly so; the rear will be made into a long slope, which gives great 
strength to the work and protects the rear flooring from being injured by 
the water filling vertically on it. When, however, fit is necessary to have 
a vertical fall on the down-stream side in any portion of the weir, either 
on account of sluices being fixed tlierc or for any other reason, the flooring 
is carefully protected by large slabs jof cut-stone laid on an unyielding 
foundation with fine mortar joints. In any case the bed of the river is 
protechid for a considerable distance down-stream from the action of tho 
water at the tail, by a flooring of dsy stone of the largest size procurable, 
and carefully packed by hand. The water will often work holes even in 
tbit;, which have to be filled up with more stone, and this will often con- 
timi'-' lor several sea&ons before tlic work is safe. 

]t will thus appear that such a weir requires the expenditure of a very 
large' (quantity of material^ and that without the presence of an abundance 
of strnio on the s])ot, its construction as above would not be feasible, or at 
least would be enormously expensive. * 

Had such a work to be made of brick, the foundations would have to be 
much deeper, the body of the work would be of the best pucka masonry, 
and similar aiTangements for the flooring and sides on the down-stream 
side as have already l»ceu described as necessary in tlic case of c&iial falls. 
The shallow foundations of these works are a peculiar featui'e in Madm 
Engineering, and a. similar practice in bridge building has been already 
commented on in para. 89. In the case of anicuts, the arrangement is 
evidently only practicable from the long ^ns or slope of dry stone given 
invariably on the down-stream side of the work, which is free to fall in 
and fill up holes scoured out by the undei^^irrent, and is replaced con¬ 
tinually by fresh renewals.- A similar arrangement to this is the crib- 
work of boulders providM so carefully on all the Ganges Canal bridges. 
In the dry season, however, deeper foundations would probably be pre- 
ferabb^n order to prevent so much percolation below the weir, and the con- 
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sequent loss of so much water. But in Madras, unlike Up^r India, the 
crops raised at this season are far less valuable than those grown in the 
rains, and this diiTereuce necessarily produces a diiTercnce in tlic plans of 
Uie Engineers. There is also good reason for believing that the coarse 
sand of the beds of rivers in Southern India is much less disturbed by the 
action of running water than the fine sandy beds of Upper Indian rivers. 

As the water when it arrives at the head of these Deltas is much charged 
with silt, the effect of this upon the anicut has to bo carcfnlly considered. 
In the earlier works a nuniber of small sluices of about 2 feet in width 
were provided tiirough which the silt should bo scoured, but their size 
made them quite ineffective, and Colonel Baird Smith has given it as his 
opinion, that so long us a weir is preferred to an open dam, the elevation 
of the bed above, by the deposit, of silt, even up-to the level of the crown of 
the weir, must he regarded as an inevitable result and provided for accord¬ 
ingly, Indeed, so long as arrangements can be made to restrain the water 
witbiu its banks above, and the siltiii;gf up docs not cause inundations, or 
force the water into a new channel, it will be positively beneficial, as by 
this raising of the bed,.a considerable fall for securing surface irrigation 
from the canals is obtained. Nature in fact helps in this arrangement; 
as it has boon already remarked that such rivers run ou a crest or ridge 
formed by their own deposits, and thus affor^ considerable facilities fur 
canal irrigation. 

330. The following description of the Elstna anicut is extracted from 
the author already quoted:— 

Nature has iudicutvd hy uunustakeotde signs, that tliu true position fur the Kistna 
dam ia at Buzwarah, ahout 00 miles fi-um the junction of tlic liver with tlic sea. 
Hcj'e the* are two low hills, the last outlying spurs of the high lands to tlic north. 
Between them tlie river flows in a channel reduced to a nioungcahlo breadth of 
IjdOO yards, but with a depth of water so variable that no sin(;lc statement would 
gi’i', a correct view of it—risinj^ ns it docs, during the monsoous, to hetwtsm 30 and 
40 feet, and sinking during the dry season to, perhnjis, 5 or 0. The hills in die 
neighbourhood of Bezwarah furui^ an unlimited supply of steme for building or 
protective purjiosos; lime is readily ]H'ocnrablc, as arc oil the other materials required 
for the work. The position is exactly at the apex of tlic Delta, and the height is 
aniiicient for pnrjJoseB of urigation. Its constroetion ha* presented some peculiar 
dithcnlties from fact that the rivei' is couecutrated into a aiuglo undivided chan* 
ncl between the Bezworah and Sectnnagram Hills. It lias, therefore, been neccssaiy 
to work constantly in water, and the design of the dam has sjiecial reference to this 
necessity. B consist*—Ist, Of a broad basis of the heAviCSt stone ithAt could be pro¬ 
cured, simply thrmvn into the river and allowed ns it accouiulated to ataiurtl^its oWn 
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ndtnral slopes. Tlie oxact length of this mass of stone Is 3,750 feet: its breadth 305 
feet i its height in front, 21 feet above the deep bed, and 14 feet above the summer 
level of the water. It is faced along its entire length by a easing of stone masonry 
75 feet in hrcadtl), of which the front curtain %vall is 9 feel, (hick at bottom, 4 at top, 
and 14 feet high, resting on a double row of foundation wells which fill up the space 
between the deep bed and sninnier line levels, being therefore 7 feet in depth. Tlic 
sill or wastehonrd is 20 feet in breadth, and .*1 feet in thiekness, 4 feet being of ma¬ 
sonry and the njjper foot of*cui stone strongly bound thronghon" with iron r]am]is. 
The tail of the masonry casing is a flat aerai-eonnter areh with a half chord 50 feet 
in length, and n versed line lU feet in height, and tliis portion is terminated by a rear 
curtain wall running along the entire length of the dam, 8 feet in depth and 3 feet 
in thickness, e.mhodded in the lo'>sc .st<mew<^rk of the Tiiain body of the dam. At a 
distance of 50 feet from the rear wall of the casing, a second line of masonry, some¬ 
what iiTvgnlar in dimensions, hnt n\cragiiig about 6 feet in tbiekucss and 5 feet in 
depth, rnw.ses the work fivmi right, to left, acting n.s a iTtnining bond to the rough 
stonework at tbc iiart most exposed to danger from the action of the current in floods. 
From tills wall to the deep bed of the river the slojic is worked out by the aid of 
rough stonework extended over a di.stnnee of 180 feet 

At the right .and left cxti'cmities of the dam, undershdccs arc provided for the 
pnriiose of seouriug ont the silt in fi-oiit of them, and thus keeping an open elinnnel 
at the bead.s of the irrigation lines. No under-sluiees have, been made in tlio body 
(.•■ tl.c fl.im, and the filling up of the river-bed in front, to the level of the crest of the 
has nppnivntly been accepted in this ease as an incvitahle result The sluices 
shovt'-.'ientioned am two in number, and similar in all respects. They arc situated 
at till! extri'ine limits of the dam, one at earh flank, and eoiisi.st of massive inasourj'- 
strne'mi's founded on wells, in the usual native fashion ; each lias 15 vents of 0 feet 
ill bri MuLli each, fitted Avith planks and maebinerv for opening and closing; the level 
of the flooring is 3 feet beloAv that of the heads of the irrigation channels, so that 
Avhen the vents art! o))Cn there Avil! he a very efficient scour in fiimt of them, and a 
deep clear channel maintained thercliy through tlic light sandy deposits in front of 
the dam. The head-sluice of indgatioii on the right of the river has fifteen openings, 
each (> feet in width, with a clear height for the passage of W’.atcr (as racosnred on 
the jihuis) of 11 i Iwt, exclusive of the archway. It may lie assumed, however, that an 
average depth of 10 feet in the channel Avoidd represent the full supply of water dur¬ 
ing the season of irrigation, under the existing an angements; with the dimensions 
specified, and a slope of about 12 inches per mile, the discharge would be equal to 
nearly 3600 cubic feet per second, sulficient for the irrigation of 140,000 acres of rice, 
promising to the Government in one single district .an increase of revenue which may 
be fairly estimated at not 1e.ss than two lakhs of rupees, £20,000 per annum, and to 
the agricnlturnl community a gain of fully three laklis, or £.30,000 during the same 
time. On the toft bank similar arrangements are made by a sluice of the some watcr- 
,W'ay as above and promising similar favorable results, and from works for which the 
total estimated outlay on tlic part of tlic State is fifteen and half lakhs of rupees, or 
£160,000, the annual increase of revenue wdll not fall short of, and may probably, as 
in similar cases elsewhere, exceed the anticipated amonnt of four lakhs, £40,000, per 
imnnm; and if one lakh, or £10,000, he allowed for expenses of repmrs and establish¬ 
ment, the general result will give between ID and 20 per cent, in direct returns from 
land alone. 



400 


UADB&S CANALS. 


331* Biurd Smith thus sums up the points of professional in- 

•» ^ 

terost which he considers established by the success of the Cauyeiy works, 
above described:— 

IflL That the waters of largo rivers may be distributed between their 
branches in proportions sufficiently exact for practical purposes, by the use 
of dams at the points of separation, having thcit^crowus at such heights as 
experience in each case may prove to be necessary. 

2nd. That the influence of such dams, judiciously established on the 
beds of the rjvers, in regulating the currents, in equalizing the distribution 
of deposits, and in maintaining the permanency of the sections of the beds, 
may be very beneficial. 

3rd That in rivers with beds of pure sand, and having slopes of 3^ feet 
per mile, such dams may be constructed and maintained ata moderate expense. 

A:th. That the elevatibn of the beds of the rivers above the dams to the 
full height of the crowns of these works, is an inevitable consequence of 
their constmetion, and that no arrangement of under-sluices has, as yet, 
been effective to prevent this result. 

hth. But, that where effective escapes are provided in the banks of 
irrigating rivers (like the Cauvery), the entire volumes of which are absorb¬ 
ed in irrigation, it is possible to prevent any injurious elevation of the bed 
by sand deposits. 

That in pure sand acted on by the current due to a fall in the 
river bed of 3| feet per mile, and exposed further to tlic action of floods 
from 12 to 15 feet deep; well foundations, in front and roar, of 6 feet in 
depth, have been proved by experience to be safe. 

Itli. That with a vertical fall in rear of the dam from 5 to 7 feet in 
height, a thickness of 2 feet of brick masonry, and 1 foot of cut stone, with 
a breadth of from 21 to 24 feet for the apron, have proved sufficient to 
insure stability, the only further protection required being a mass of rough 
loose stones about 9 feet in width and 4 iu depth. As a rough general 
mle, it would seem that the masonry apron should have a thickness equal 
to half, and a breadth between three and four times the vertical height of 
the bar forming the olBtnictive part of the dam. The loose stone apron 
should at first have a breadth equal to one and a half times, and a depth 
equal to two-thirds the height of the dam. The action at the tail of the 
work leading to constant additions to the loose stone, soon deranges these 
proportions, and tiiey are given only bs guides in the first instance. 
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Stk. That the main security of the dam'depends upon the efficient 
construction and careful maintenance of the apron. 

Qth. That in freshes the dam speedily receives the protecting effect of 
a backwater on the apron; the surface level of the down-stream side being 
level with the crown of the work when the floods rise to 8 feet above ordi¬ 
nary low water, while beyond that depth the fall over the dam gradually 
diminishes till in 16 feet floods it has wholly disappeared, and scarcely even 
a ripple on the surface indicates the existence of the mass of masonry below. 

\Qth. That looking to the cost of the works executed between 1836 
and 3853, and the increased area of irrigation due to them, l3ie capital sUnk 
amounts only to Its. 6-8-0, or about 13s. per acre. 

Wih. That after deducting every expense which the irrigation works of 
the Canvory have entailed on Clovenirnent, the net retnms may fairly be 
estimated at not less that 2.3^ per cent, on the invested capital. 

333. The works still in progress on the Godavery are similar in prin¬ 
ciple (thongh considerably larger) to those already described. The follow¬ 
ing is a description of the Great Anicut at the head, upon which the whole 
fysiiiin depends. 

TJ! • trtiflavory anient consists of a masonrj' dam in separate portions, the united 
length of which is 11,860^ feet, or yards, Lcing very nearly 2| miles of river 

ehaoitel blocked up by a solid, siibstunlial, well-]jrotectcil mass of stouo in lime ce¬ 
ment, or without It, accoriling to position, having a total breadth of base equal to very 
nearh 180 fet t, and height of crest or sill etiual to 12 feet* The three main objects 
of the dam—clcarunco, iiTigation and transit—are ])rovidcd for by three separate sets 
of wo)'ks, one on each mainland flank, and one at the head of the central tract. The 
andcr-sluiccs discharge the necessary fuiietions for the first cdycot, the head-slaices 
those for the second, and tlie navigable canal and locks those for the third. Along 
the entire length of the masonry dam is carried a line of cast-iron uprights about 6 
inches square, and 8 or 10 feet apart, having grooi'ts on each side for the reception 
of 24 feet of planking, whereby the water can be retained to that height above tire sill 
during the dry season, and a larger volume be thus thrown into the irrigation beads. 

The irrigating diannels are, or will be, carried along the subsidiary ridges 
by which the Delta is intersected, and tlie water is at a sufficiently high 
level for surface irrigation everywhere. 

333. It may seen from what was said iu Cliapter XLVII., of the 
difference between the physical peculiarities of Northern and Southern 
India, why the Madras system is not applicable to the former country. 
The Inundation Canals already described are, it is true, similar to those 

* Thft Mparftte maioniy portlonB ue connected ttArthen embsnkmontCp botwaan bUc or MTon 
feet la length, and proteoted »t tho jonoUoDf by fully 2&00 foot In Allp ol mAsouzy revetmea 

VOL. II. 3 f 
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smployed in Madr^ but it vc^uld rarely be feasible to eonstnict tm anicut 
to secure to them a perennial supply of water, simply because the enormous 
expense to be incurred, owin^ to the great breadUi of the river and the 
absence of any material except brick, would not be compensated for by tlie 
small benefit secured. On this point Col. Anderson may be quoted (himself 
a Madras OflBcer, and who has had experience of both systems):— 

“ To make the conditions in the two cases at all similar, it will be 
necessary to confine ourselves to the ‘khadir’ lands, or in other words to 
tlie tract of country along each of the rivers in the North West Provinces, 
which is within the inimdation limit. But 1 have explained tliat the 
‘khadir' land is generally of insufficient width to furnish room for a first 
class canal: and, moreover, the fact of the width being inconsiderable im¬ 
plies that the water in the wells is influenced by the proximity of the river; 
and as the cold weather level of the latter is not above 15 feet below the 
lip of the channel, and is less than tliat below the level of the ground at a 
little distuice from it, the cultivator could never be in any straits for want 
of water. As a rule a great part of the ‘khadir’ land is inundated during 
the floods, and the wheat which is sown on the saturated ground on the 
subsidence of the inundation, requires no further supply of water to bring 
it to maturity. There are generally some slight showers of rain in the 
winter, but at the worst, if this aid fails, the people can have as much 
water as they like at the depth of 10 or 15 feet below the surface of the 
ground. 1 may add, tliat the upper stratum of alluvial soil being only 3 
to 6 feet deep, the water permeates the sand underneath it, and will stand 
at a higher level when the river is in flood than in the dry season, but the 
cliange in surface of tlie water in the wells must be the work of time, and 
though the river may subside somewhat suddenly in September or Octo¬ 
ber, the water in the wells will not be afiected immediately, but will retain 
a comparatively high level to a much later date. 

“Of course the furtlier the ‘khadir’ land recedes from the river, the 
more ynll the advantages above described be absent. The land will not be 
mundated and the depth of the wells wUl gradually increase with the dis¬ 
tance from the river. It would be difficult to define the limit at which 
irrigation from wells becomes unremuuerative. Much must depend on the 
rent to be paid, but still more on the aid derived from rain. In the lower 
parts of the Punjab, the fdl of run is very precarious; still there are 
always a few showers during the year: and in the winter there are heavy 
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dews wliich must supply its ploee in a measure. But taking tMngs aa tiiey 
are, I should say that cultivation languished when Che depth of the water 
in the wells below Cite surface of the ground exceeded 2& feet. Ihis depth 
is attained at the distance of 5 or 6 miles from the river; and at the 
distance of 25 or 30 miles from the river, that is, on the extreme limit of 
the western khadir of the Sutlej, the depth is 60 or 60 feet, and in some 
places even more. 

“ Hero then we have at least one tract of khadir land, which would admit 
of irrigation on an extended scale, and a similar strip of country exists on 
both sides of the Indus, both in Scindc, and in the provinces to the north 
of it. 1 am not aware of there being any other tracts of country along 
any of the Himalayan rivers, at all ovents of equal importance, in which 
the same want of artificial irrigation is experienced. 

“ The maintenance of the inundation canals is expensive, and the irriga¬ 
tion is partial, and dependent on mechanical aid. It would seem desirable 
to ascertain if there is the means of making the supply perennial, and of 
constituting existing canals into branches of larger channels which might 
be opened at some favorable point higher np the river, and run nearly 
parallel to it, with the water on as high a level as might be wshed. 

“ The only means of accomplishing this would be by construction of ma¬ 
sonry works acTos.s the channels, and by extensive flank defences to prevent 
their being turned. The Madras anicuts have' been so successful in 
positions, where, not many years ago, most Engineers would have antici¬ 
pated noiliing bat failure, that one would naturally turn to tliem as tlie 
mcidel to be follotved on tlie rivers under consideration. 

“ Tlie chief difflculty would be, not to give a work sufficient strength to 
withstand the floods, or to protect it against a flank movement of the 
river, but to construct it at all. The Godavery auicut was closed when 
there was a cou.sidcrable body of water in the river, though not without 
great difficulty: but tb^re were stone quarries at no great distance from 
tlie work, and the only practical difficulty was to have a sufficiency of 
boats, wagons, and •oolles to bring the stone to the spot. Bat had there 
been no quarries, how many brick cubes would have served to make np for 
the want of them? 

“ 1 may remark, that unless the channel is confined within a rocky gorge, 
so that the width of the stream in the dry weather, is not materially loss 
than in the runs, the simple contraction of tiie waterway will not be snf- 
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lioient to ensure ft supply to channels on either side. Many of the Indiau 
rirers could not be contracted artificial works—at places where they 
pass through alluTial soil or sand, to much under thb width of a mile, 
while in the dry season, the width of the stream might not exceed one 
quarter of a mile. On the subsidence of the river, the heads of the 
canals, on one side or the otlier, wmxld be liable to have a sand or mod> 
bank, three-quarters of a mile iu width between them and the river; which 
in idl probability, it would be physically impossible to cut through in time 
to prevent tlie destruction of the crops. 

It might be possible by a system of groynes, to obviate the occurrence 
of the serious inconvenience I have described; but they would be, at best, 
a very imperfect substitute for a dam, and could do nothing to raise the 
water, when it might have fallen to an extraordinary low level. 

The construction of such a dam across that river must of necessity be a 
very expensive work. No material but brick would be procurable, unless 
for coping, grooves, and other work in which stone might be considered 
essential, and every cubic foot of it would cost about a rupee. Even bricks 
would cost 14 or 15 rupees a thousand, if not more; and for the enor¬ 
mous quantity that would be required, it would be difilicult to get sufficient 
fuel, at any price,"* 

334-, Bevenm of Madras oanah. —Water-rent is not levied on these 
canals as in Upper India, but the land irrigated by them is charged at a 
higher rental, and the increase credited to the Canal Department; another 
great advantage enjoyed over these canals in these provinces is, that the 
Madras canals are opened out by degrees, while the Ganges and other canals 
are nearly completed before any water is thrown into them. In the one case, 
after an anicut has been completed, and a command over the water in the 
river thus obtained, the water can be turned to use by the simple excava¬ 
tion of channels iu difierent directions. The depth of excavation at the 
heads of the main channel may Jbe considerable, but it is generally practica¬ 
ble to excavate them to the capacity required to deliver a supply of water 
sufficient for the immediate wants of tlie district, during the period occupi¬ 
ed by the constmetiou of the anicut, which will probably not exceed 8 

* For Uie tiaot bIioto deacxlbed a projeot for a dam to HOore a perennial snppir to the upper 
Sutlej Ctaals wan prepared and sent to Ooremment eome yearn ago. Nothing hae yet been dona 
howerer U nrae miggeated by Col. Dyaa, then Director of Punjab Canals, that anoh a dam might 
adTantageonsly be combined with the Railway Bridge, which waa then projected In that neigh* 
bourbood. 
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jeairs. -Skiicos -and other masonry works wiU be squired also, but on 
eome if not all of tiie projected lines- of channel, their progress will keep 
pace with that of the anicut; and tliere are generally existing channels, 
natnral or artificial,—^whicfa may be used temporarily, if not permanoitly, 
to distribute the water in different directions. - - 

Farther, in erery part of the Madras Presidency, there are a nantber of 
rain-fed tanks, the revenue derived from which may be liable to undergo 
extraordinary flncinations, owing to the uncertainty and insufiSriency of the 
supply. The cultivation then becomes a lottery; it may be profitable or it 
may not; but the cultivators, though they may be ready to run the risk of 
losing a portion of their crops, will be obliged to refrain from cultivating 
all the laud under their tanks, though if tl>ey could secure a good sca^^on, 
they would l>e only Wo glad to do it. The addition of the water supplied 
by means of the aiiicut channels to such tanks, would have the immedi¬ 
ate cflect of securing the revenue and of giving confidence to the people. 

Kveu with an expenditure of 20 lakhs of rupees, which is more than 
woTild be required W bring an anicut and channels on a large scale, into 
operation, it will bo readily understood that an increase of revenue snflBci- 
eut to constitute ttiem remunerative works, or a return of 5 per cent, 
might be realized almost in the very first year, during which a supply of 
vatcr is provided. JOireet irrigation by means of small channels would be 
carried forward at the same time; and as the demand for w'ater increases, 
there is comparatively little to be done, beyond increasing the capacity of 
the main channels for a few miles from the heads. * 

Thus the Delta projects in the Madras Presidency provide in the first 
instance for the supply of water suMcient to place existing cultivation in a 
state of security, and for a moderate extension of irrigation to new land; 
but they admit, of expansion, until they comprehend the whole of the 
country which can be brought witliin command of tlie water. This system 
must be considered to be practically a very perfect one. 



CHAPTER liVI. 

IRRIGATION TANKS- 

33a< A TjkNR for Irrigation is formed by an embankment tiirown acrosa 
a line of Drainage so as to collect the water on the npper aide, which is 
then drawn off for Irrigation purposes by means of sluices and channels. 

Tanks are of several kinds. 1. Where a bund is thrown across tlie 
gorge of a mountain pass which is the bed of a torrent thus forming a lidie 
enclosed by the rocky sides of the pass. 

2. Where a natural hollow in the ground outside the hills is made into 
an artiBcial lake by closing up all places where tlie water can make its exit; 
such a hollow may be a very small or may be a large natural basin drained 
by a stream or nullah; and the supply for such tanks may depend entirely 
on local rain, or on streams swollen by rain in the hills above. Or, as is 
often the case, the tank may bo filled by a cut from a neighbouring stream, 
not mnning through it. 

Q. Where artificial side walls are required as well as tlie front wall, to 
enclose the water—in consequence of there being no natural hollow but 
merely a continuous slope of the ground in one direction. 

It is evident, however, that these three kinds are merely modifications 
of each other, depending on similar principles for their construction, and 
whieh may be treated of collectively. 

In designing a tank when the source of supply has once been ascertain¬ 
ed, the first point to be determined is the position of the bund by which 
the tank will be formed. Other things being equal, it is evident that the 
narrowest part of the gorge or hollow should be chosen so that the length 
of the embankment may be as short as possible—and in most cases this 
will be found to be the best site. But it is also to be looked to that this 
bund shall hold np the grealest quantity of water possible, and this may in 
some caws modify the actual site of the embankment. It is evident that 
the amount of water so held up wiU depend on the area covered by the 
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water and its depth. This depth again will depend on the height of the 
embankment an<l the slope of the bed of the tank—-fur the water can no¬ 
where rise higher than the lowest part ot the top of the embankment (na¬ 
tural or artificial) which dams it op, but will then, if the supply be conti¬ 
nuous, escape at that point. Sometimes, therefore, it will be found that a 
bund at some other spot thmi the narrowest may give a larger area or 
greater depth above, so as to hold op such an additional quantity of water 
as will amply repay the cost of the increased length of the bund. 

Other points to be taken into consideration in selecting a site for an 
embankment are, the relative level and position of land to be irrigated, the 
quality of soil for foundations, and the proximity of stone and lime, fuel 
and water, for the supply of the works when in progress. 

Briefly, the indications most favorable to the construction ■ot a tank- 

embankment may be thus enumerated :—1st, A channel bringing down an 

ample supply of water; 2ud, For the bed of the tank, a broad expanse ot 

nearly level laud in front of the embankment, having a slight dip towards 

the latter; 3rd, That the land to the rear be of greater extent than tlie 

« 

bed, and slightly lower in its level, in order that every portion of it may be 
irrigated through masonry sluices constructed in the embanlcment, and 
coTutnuuicating with earthen channels leading-to each field; 4th, A rocky 
fuundatioii at little depth from the surface; 5th, That water be procurable 
from the bed of the water-course, or from a well, for the use of the work 
and workpeople; 6th, That stone, lime, and fuel bo within reasonable 
distance. 

It will rarely happen that all these advantages are offered at one locality. 
The main object of the tank, it is to be recollected is the irngation of the 
land to its rear. A careful survey of the proposed site should be made, 
including the levels of the intended dam, and of the land to its front and 
rear. The elevation of the cuibankment, and the area of the bed to be 
submerged, may then be adjusted and determined, and an opmion as to the 
irrigative powers of the tank, in reference to its depth and expense, may 
be formed. The expense of work is then to be contrasted with the 
probable return from the irrigation of the land in rear, from the growth of 
luxuriant crops in the bed after the withdrawal of the water, and from the 
more indirect benefit arising from the multiplication of wells supplied by 
filtration from the tank*. 

336* It next becomes necessary to determine in what way the surplus 
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water that may be thrown into the tAnk shall escape. If there is perfect 
control over the stream by which the tank is fed, the water may be turned 
off when the latter is full, by means of a sluice at the head. Tliis, however, 
will not often bo practicable and in any case an escape mnst be provided 
from the tank itself for tlie surplus water: This may be allowed an exit 
in two ways; either by the bund itself or by a side channel, arranged so 
that the surplus water shall how down it as soon as it comes nearly on 
a level with the top of the embankment. If such a channel can he pro¬ 
vided at a moderate expense it is always the preferable method, as there is 
then no danger to" the bond from the sliock of water falling over it—nor of 
silt or boulders accumulating in tlie tank, nor of the Irrigation channels 
and sluices being injured. But in many cases, especially where the tank is 
formed insWe the hills, the expense of cutting such a side channel would 
be too great, and the only passage for the side water must be by the bund 
itself. To effect this, flood-gates must cither be provided, or the water 
must pass over the whole or part of the bund. In peculiar cases the for¬ 
mer method may be allowed, but as a general nile, the latter method is 
preferable, as being self-acting. If the bund is of no great length and can 
be made of solid masonry tliroughont, then the whole of it can be arranged 
as an overfall. If so large an escape is not required, and tlie embankment 
is of earth for the greater portion of its length, then a portion of the bund 
must be built of masonry (the top being two or three feet lower than that 
of the earthen embankment), and will serve as an overfall or waste weir. 

337* Snch are the general principles of these works—we may now 
enquire further into the details of their cpnstruction. 

The thickness of the embankment must of course depend on the nature 
of the material, as well as on its height and the violence of the stream that 
has to be sirrested. In damming up a hill torrent, boulders will generally 
be found in sufficient plenty to yield abundance of lime and stone, and if 
fuel is cheap and water at hand it would be better to make the whole bund 
of pucka boulder masonry. If not, then the portion forming the overfall 
must at any rate be so constructed, and the remainder may be made of dry 
boulders with a long slope on each side and a thin pucka wall in the centre 
to prevent leakage. The thickness should of course decrease from the 
bottom to the top, and that portion over which the water is to pass, espe¬ 
cially if it is to be of any great heighVshould be raised, bit by bit, in 
successive seasons, and the water be allowed to flow over it freely. It will 
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thus hare time to consolidate and its strength be satisfactorily tested. The 
foandations should be carried down to rock if possible—or at least to firm 
soil. If this is not found at a moderate depth an artificial foundation of 
concrete or rabble masonry may bo formed. The superstructure should 
be carried into the side rocks to prevent their being tumed. The shape 
of the waste-weir may be perpendicular on the water side with a long slope 
behind for the water to flow over, and the flooring protected in the usual 
manner. Additional strength is sometimes given to such massive embank¬ 
ments by throwing out bastions, at intervals, on the water side. One or 
two of these can be made hollow to contain the sluices which can be work¬ 
ed from the top, and spiral steps may be made inside to descend into the 
water. Wlicre the supplying water is less violent and in the case of tanks 
outside the hills, such extraordinary precautions and solidiiy of workman¬ 
ship are of course not requisite. Boulders, too will be scarce, or perhaps 
wanting altogether,—so that earth, bricks, and perhaps brushwood and 
piles, will have to be the materials employed. The earthen embankment 
must of course be made very massive, and if it can be protected from the 
action of the water by a thin wall of pucka brick masonry or dry stone it 
will be as well. If not, it should bo well turfed or defended with piling and 
wattling. Of course no part of the earthen embankment cam be used as an 
overfall, but if there is no separate escape for the surjilus water, a portion 
of the embankment itself must be made of masonry to act as an overfall. 

3.18. Madras tanks .—The banks of the generality of tanks in Madras 
seldom exceed 5 yards in height. Many of them are formed of earth only, 
in a few instances carefully turfed; while some of the larger works and, in 
countries where stone is abundant, many of the smaller banks also, are 
protected by loose blocks of rough stone laid on tlie inner sloping surface, 
or disposed in the form of a nearly upright revetment, without mortar or 
cement. The object of these rough stone facings is not so much to sup¬ 
port the, earthwork, as to protect it from the action of the waves during 
stormy weather, and from damage by the monsoon rains. 

Many tanks are often formed in the same valley, the bed of one begin¬ 
ning where the cultivation under that above it ceases. In consequence 
of this, the breaching of one tank often leads, by the sudden influx of it£ 
waters to the bursting in succession of those below it. This is more pwr- 
ticnlarly the case, when heavy and sudden rains succeed seasons of drought 
during which, the earth of which the tank banks are composed, loses its 
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tenacity and is soon saturated by water. Another, uid tlie general cause 
of the breaching of tanks is the neglected state of their banks, which are 
not in all parts sufficiently raised above the surface of the water in them. 
High winds exciting waves in the tank, throw the spray over the lowest 
parts of the banks, which are thus gradually worn away, until at last the 
water overtops them, and a breach ensues. 

In Madras, the waste weirs above described, are known by the name 
Calingulah, a Tamil word of originally much wider import. Along the 
upper surface of these,’ a row of upright stones two to four feet apart, 
and from two to eight feet high are generally inserted. The intervals 
between these stones are filled up with earth, straw, and rubbish, to in¬ 
crease the capacity of the tank when the rains are nictderate; but when 
the supply of water is too great, and the tank is in danger of being 
breached, the interstices are cleared, to allow a larger quantity of water to 
escape, the.rapidity of the outflow being increased by tlie additional vent 
thus afforded. The damstones are made of such height, that the top of 
the temporary bank raised between them is nearly on the highest level to 
which water can rise in the tank without endangering its bank. In some 
tanks, the excess of water flows out from vents pierced at a low level in 
masonry walls similarly placed. These vents are closed by vertical planks, 
inserted side by side, or by shutters. Works of this description, termed 
surplus sluices, allowing the water to flow out with greater rapidity, are of 
smaller-iiimensions, and less expensive than Cdliugulahs. They have also 
the very great advantage of permitting the escape of mud and sand from 
the bed of the tank; by the accumulatiou of which all such works are 
otherwise liable, in the course of time, to be filled up and rendered useless. 
Vents to be closed by planks or shutters have frequently been constructed 
in the lower part of the body of calingulahs. But the common calingu- 
Idh is the usual way of allowing the surplus water of tanks to escape. 

389. The velocity of water issuing from an opening such as a calingu- 
lah depends upon the height of the surface of the water escaping above the 
bottom of that opening, and is found by multiplying the square root of 
that depth or height by 5, and the height being in feet, the velocity will, 
give the feet per second; thus the height being 4^ feet, the velocity 
will be 5 Vr> multiplied by the product of the height and 

length, will give tiie disch«rge. Knowing therefore the quantity of water 
that can enter the channel or tank in an Hoar, the length of calingulah is 
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ea^y found : tJius, it is {ound that for the extreme fall of rain on only one 
square mile, a caliugulah of 120 feet is required, supposiug the water flow¬ 
ing out to be of the usual depth, that is 4^ feet, which is about the average 
height of cfdingulah damstones in moderate sized tanks. Were the depth 
to be greater, the discharge for the same length would be increased, and in a 
greater proportion, viz., that of the square root of the cube. Thus if the 
depdi were multiplied by 2, Uie discharge for the same.length would have 
to be multiplied by /s/S, and so for an equal discliarge. A depth of 9 
feet of water would allow of the length of the ealingulah being reduced to a 
little more than ^ of the length required when the depth was only 4^ feet: 
so that if a tank bank be so high that it will be safe when 9 feet of water 
goes over tJie ealingulah, 40 feet will be sufficient for every square mile of 
drainage. But this ■' an enormous length; it is not unusual for a tank 
to receive the dniinage of a country from several miles around; and if 00 
srj^uarc miles or a quarter of a circle of 13 miles radius drained into a tank, 
by this rule it would rcciuirc no less length of ealingulah than 1,200 yards 
ill the former case, and 400 in the latter, while there are no tanks having 
calingiilahs approaching these dimensions. 

Wc must therefore inquire into other parts of this important question;- 
and in the first place, we have liitlierto proceeded upon two extreme sup¬ 
positions which can rarely occur together, \iz., 1st, That the tank is full 
before the heavy fall of rain commences; and 2ndly, That 5 niches of rain¬ 
fall in one hour, or at Hit sa*'ie rate as records has shown it to have fallen 
in 12 minutes only. The U i.^'ih of ealingulah necessary would have to be 
reduced in proportion as the fall of rain is less rapid; and if 120 feet be 
required for 5 inches an hour, (10 will Miffioe for 2-^ in the same period; or 
if the water can for a short time he 9 feet above the floor of the ealingulah, 
40 feet per square mile will do for Tj inches, and 20 feet for inches per 
hour. With regard to the first supposition, it is most likely that the tank 
will not be full when the heavy rain occurs: and in this ease the greatest 
part of the water would be retained in the lank; thus if the bed of a tank 
contain 5 square miles, and it receives the drainage of 20 square miles (the 
total fall of rain not exceeding 50 inches in a year), the tank would not 
overflow if capable of containing 4 times 50 inches, or 16 feet 8 inches over 
its whole surface; or if the bed of a tank be in any proportion to its drain¬ 
age, water will not flow out until the number of inches of rain fallen bears 
the same proportion to the average depth. It is evident, therefore, that 
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tbe proportion tliat the tank bears to the surface of the land which drains 
into it, must also be taken into consideration, and the dimensions of the 
calingulah regulated by all the circumstances which effect the supply of tlie 
tank and the quantity of surplus water. To most large tanks the water 
is brought from rivers by channels, and the quantity of supply may (in 
that case) be regulated by a head sluice. 

One of the largest calingulahs in Madras is that of the Carangooly 
tank, in the Chingleput district, and is of the form and dimensions of the 
annexed plan: it was built, by General Sir J. L. Caldwell, of the Madras 
Engineers, many years ago. 

340. Sluices of Irrigation .—Consist of long tunnels of cemented brick 
or stone, arched or covered with flat stones, passing through the banks of 
tanks, and on a level with the bed of the tank; furnished at the extre¬ 
mity, inside the tank, with a contrivance for regulating the quantity of 
water that flows to the fields, and at tlie other end witli a cistern or basin, 
the walls of which are pierced with holes at different levels, through which 
water running to the branch channels is carried to fields at various eleva¬ 
tions. The sluices in large tanks have sometimes cisterns at the inner 
end also, the object of which is to prevent the accumulation of mud at the 
head of the sluice. 

The ordinary contrivance at the head of the sluice, known by the name 
of payal, consists in a vertical door (often merely a block of stone) which is 
removed to allow water to flow, only when the tank is nearly empty, and 
in a portion of the covering (which is of stone) being pierced with a 
conical hole, in which a conical block of wood attached to a long bamboo^ 
is moved upwards or downwards from a frame of two large upright stones 
and two or three placed transversely for the sluice man to stand on. 
These latter have holes in them through which the bamboo is lifted or 
lowered. The orifice through which the water issues is blocked by this 
description of stopple, or opened to any desirable extent according to the 
demand for water. 

Irrigation by tanks is often combined with that by rivers, the water 
from the rivers being brought into tanks that are favorably situated, by 
means of channels cut through the river bank and intervening groimd. 

341. The following description of the Mysore tanks by Capt^ (now 
Major-General) Green, will be found interesting:—*■ 

“ There are upwards of 20,000 tanks in the returns, the hands of which are 
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of every variety of length from a quarter of a mile to 1^ miles. They are with very 
few exceptions^ faced with a rough stone revetment, having a batter about one hori¬ 
zontal in two vertical; the stone facing averages from a yard, to half a yard in thickness, 
and is backed with loose rabble stones, which are together of a thickness equal to that 
of the large stones in front. Occasionally a lighter description of revetment retains 
the rear slope of the bund. The breadth of the earthwork is proportioned to its 
height, whiclr is greatest in the centre of its length. An ordinary bund is about 12 
feet broad at top, tiO feet at bottom, and 18 feet high; there arc many in every Talook, 
however, which exceed the above section. 

“ Each tank is provided with from one to two, and sometimes three sluices, 

by which tlic water can be lot out to tlie fields at pleasure. Their position is generally 
on a level with that of the bed of the tank, but if any portion of the lands to be irri¬ 
gated be above that level, one or more of the sluices is placed at a corresponding height. 
A tank sluice is alarge, snbstantial and not nnfreqacntly an expensive work; it consists 
of a 2 yard square brick or stinic cistern one yard high, to keep olf the sand at the 
front of the bund, with one i»r more valves, or plug-holes in a stone at the bottom, 
from 6 inches to a foot in diiuncicr. The valve is attached to a pole so long, that 
the t(ip shall never be etnered with (he water in Die tank. It is held in an upright 
josition by 2 or 4 vertical stone jdllnrs from 9 inches to J a yard square, to which 
horizontal stones arc attached, one at toj) jmd another midway, down through a hole 
in the centre of which the valve rod works, having a stout chain and pin to uphold 
it wlicti necessary, and to rcgnlutc the dischai'ge ; tlie pressure of the water upon the 
top of the valve keeps it sidficicntly tight when lowered into the valve hole to prevent 
the escape of the water. A(, tlie rear of the bund another cistern of about the same 
dimensions ami usually of brick in ebnuam is built, three sides of which arc furnished 
witli square oponings, and .shatters to admit of the water being turned off in the 
required direction. The two cisterns are connected with a tunnel, the length of which 
depends upon the cross section of the bund through which it is laid, and is generally 
from 10 to 30 or 40 yards. The vent throughout the tunnel, for the passage of the 
water, i*; about 2^ feet high ami 2 feet broad. These dimensions are adopted to 
permit ot a man going in to clear away obstructions, and to cxaininc the state of tlie 
tunnel occasionally, sliould anytliing appear to have gone wrong. The cross section 
of a tunnel is like that of a inas.sivc barrcl-brick-drain, but the vent is generally 
rectangular and eased with granite slabs about 6 to 9 inches thick. 

“ Codies .—^In addition to the sluices cadi tank is provided with from 1 to 4 open 
masonry outlets, called codics, the. gorges of which vary from 10 to 100 yards in 
width, and byVhich the snrplns water of the tank escapes to other tanks below. As 
the rush of water over the codics w'ould wash away any but a strong description of 
work, by which it was confined in its passage from the tank, the codies are necessarily 
made very substantial with the largest sized rough stones procurable in the ncighbonr- 
hood, those of the large tanks rivalling the smaller anients on the rivers in the 
massiveness with which they are constructed, and the brick retaining walls with 
which tiiey ore frequently protected. Codies are generally of a square figure covering 
as much ground lengthways, as in tlicir width. The front, which breasts the water 
consists of a solid rough stone wall from 1 to 2 or S yards deep, acccording to the qua¬ 
lity of the soil, and of proportionate thickness. It is furnished with dam-stones, which 
project a yard and a half, and ore lot firmly into the top of the wall at 1 yard intervals. 
The addition of some sticks, straw, and turf placed in front of these vertical stones 
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mokes a temporary dam, by which the ryots are enabled, after the burst of the mon¬ 
soon is over, to totmn the water in the tank at a level about two feet higher than they 
otherwise conld hare done, and to scenre the water for a so much larger period. 

“ The sides of a cody are protected by wing walla 1 to 2 yards high, of rough stone, 
or brickwork which, contract or approach one another at tiio ends of the gorge wall, 
and widen ont above and below forming, as it were, the sides of the funnel of dis¬ 
charge. 

“ The stones on the lower of the gorge wall, are usually laid over suitable foundation 
in the form of a doping apron, from its top to the bottom of the nullah below, by 
which the force of the water is broken; in cases, however, where it is found dif- 
iicnlt to render this (the ancient mode cf building codies) permanent, recourse has 
been had to disposing of the apron stones like a hat pavement at the foot of the gorge 
wall (whatever be the height of the latter) taking care to have a very solid iron 
clamped platform of cut stones for the water to cascade upon. Its force is there 
expended,, and it hows gently awuy from the foot of the gorge wall without having 
the power to do any mischief; this plan is found most effectaal, and has never failed 
wherever it has been tried. 

“ The level of the top of the cody, whether of the permanent masonry, or of tho 
low temporary dam now occasionally put above it, is the gauge of the jmwers of 
capacity of the tank; above that, tho cody is always open and acts as the safety valve 
of tlie tank. 

“ In the nollah, immediately below a cody, is sometimes hnilt anotlicr work of rough 
stone like tho cody, and equally large, but which so applied is termed a “ cuttay.” 
Taken off, from above tiie latter, is a channel of irrigation. This is a very good 
arrangement, when the levels are favorable. Tho cody retains tlic water in the tank 
at its Mghest safe level ; tho cuttay below appro] iriates the surplus water, which the 
cody has discharged, and which hut for such cuttay would be lost. Pouring over 
the cody in a thin sheet of perhaps a few inches only in depth, the sectional area of 
the water is fully sufficient to supply an ordinary tank channel of irrigation, and when 
it ceases, recourse is had to the bluices in the bund w’hiuh are then opened. As the 
surplus water for 10 or 15 days annually is discharged in a great volume over the 
codies, the cuttays below arc then exposed to a great shock from the impulse thereof, 
and require to be substantially constructed. 

“ As tho olluvial deposit, year after year accuniulatiug, gradually raises the Iteds of 
tH Tika, they ^ould in process of time become useless were not the alternative adopted 
from time to time of adding to the height of the bunds, which ui' course involves an 
enlargement of the cross section generally, as well as the raising of the codies and 
the construction of new sluices at higher levels than the former ones occupied, when 
the sand has eventimlly choked them up. 

" Thus, even if no breaches occur, there is a constant yearly increased demand for 
fan If wcark, and several of tho bunds have attained height in the effort to keep them 
sufficiently above the surface of the water. The upper part or roadways of several 
bunds in each of the four Divisions, ore on a level with the tops of the eocoannt, and 
even of the more lofty areca, trees in the gardens immediately below them. 

The same resource is had recourse to in dischai^ng the sand from the tank beds, 
that is adopted for the ejection of that carried into the channels of irrigation from 
the rivers. Bnt a different season is selected $ instead of the close of tho monsoon, 
its r-nmmnn.<nmp.nt. is taken, ond no BoonoT 18 it seen that the monsoon has set in, than 
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the ryots range themselves about the sluice head in the tank, which is at this time 
shallow, and stir up and agitate the bed, till, reduced to a semi-liquid state, it runs off 
through the sluice with the water. This, like the opening of the nullah under-sluice, 
is however but a partial remedy. It is less expensive to raise the bund than to carry 
away the sand by hand. 

“ Most tanks receive their supply from the liigh ground in the neighbourhood, and 
irrigate paddy fields or gardens immediately below them; but there are exceptions to 
this, as numerous tanks are partly supplied by channels winding round more remote 
hills, and which catch all the rain water flowing down their sides and convey it into 
the tank. Water-courses or nnllalts which arc called into existence during a local fall 
of rain, are also dammed up, and their contents in like manner appropriated to the 
benefit of tanks, A single tank may possess several fc^eders of tliis kind, all of which 
require to be kept in repair. 

“ In like manner the fields to bo irrigated arc occasionally at a distance from the 
tank, and have channels of irrigation therefrom, including their windings, of from 2 
to 30 miles long, and upon the preservation of all of which in proper order, depends 
the success of the cro]js. The water of the Soolikerruy hike irrigates land at a dis¬ 
tance of 80 miles. Other reservoirs of water, not connected with the irrigation, but such 
ns public wells, bowrics, cuttays and so forth, which arc required for the use of the 
inhabitants and their cattle, have been extensively restored in every Talook in the 
coHiitiy; and the consideration of the Government in directing these improvements of 
works so essential to the health and comfort of the community, is rightly appreciated 
and gratefully acknowledged. 

343i It is calculated in Madras that a cubic yard of water is required 
for every square yard of land having to be irrigated constantly through the 
year. ITiis appears to be a large amount, but in the absence of more 
certain data it may be used in estimating the probable return of a 
tank. 

Rice land requires to be covered throughout with water to a depth of 
half an inch; seventy two days aro calculated as the time required by the 
land to be covered with water; therefore for a catvnie of land, (6,400 
superficial yards,) 6,400 cubic yards of water should be stored for every 
cawnie which is to be watered. 

A channel should supply -^ 77 ^ = 88 |- cubic yards per diem, or cubic 
yards per hour for every cawnie to bo watered. 

It is usual, in calculating the water required for a cawnie, to allow 
10,000 yards, which allows for evaporation, wastage, absorption, &c. 

88 ^ cubic yards = 2,400 cubic feet per diem = 100 cubic feet per 
hour, and requires a vent of of a square foot at the velocity of 1,000 
feet an hour; at one nqile an hour, it requires of a square foot. 

For 440 cawnies of rice land, equal to one square mile, water running' at 
the rate of one mile an hour will require a vent of = 8*3 square feet. 
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Not much attention, as a,general rale irithin certain limits, appears to 
be given to the size of orifices for the discharge of water for irrigating land 
under tanks. Tlie sluices which are prettj numerous, because' some lands 
are higher than others, and again belong to different villages, are furnished 
with conical shaped vent holes in front, cut in stone, with some little re¬ 
gard to the quantify required; these are furnished with conical plugs; 
and a little practice enables the person whose business it is to distri¬ 
bute the water, to judge what amount of opening is required. 

343. The tank system of irrigation so common in lower Lidia is com¬ 
paratively rare in the Upper Provinces. Indeed the only districts where 
it has been carried out on a great scale, the principle having been applied 
by the Natives from time immemorial, are those of Mairwara and Ajmere, 
where Colonel Dixon's energetic attention to the subject produced most 
successful results. 

The districts that lie at the foot of the Hills on the E. N. E. and W. 
of the Punjab would, however, seem to be peculiarly adapted for it. Eain 
is scarce, the hill streams are numerous, and tlie soil in general of good 
quality. A system therefore by which the temporary supply of water 
from occasional rain might be stored up for future use, is one that is de¬ 
serving of serious attention. 

In the Punjab, the tank would sometimes be filled twice a year—about 
tlie months of February and July~and would irrigate Iroth crops. In 
other parts, especially on the Western frontier, where very little rain falls 
in the cold weather, it would often happen that the water would be available 
for the Kimreef only. The bed of the tank might in this case be sowed 
when dry in the autumn for the spring crop—as the soil would be wet 
and probably rich from the silt deposited in it. 

344t On the Western frontier of the Punjab, where rain is excessively 
scarce, and the ground near the Hills at so high a level that it is impos¬ 
sible to irrigate it either from Wells or Cands,—the natives are very 
mgenious in turning the water that occasionally comes down the hill nul¬ 
lahs to good account. The dry bed of the stream is taken possession of, 
and dams of earth and brushwood thrown across from honk to bank at 
different favorable points. When the water comes down, its level is 
thus raised agidnst these bunds and it is skilfully directed down the secon¬ 
dary channels, natural or artifidal, whose, mouths are. just above the dam, 
and which in their turn are bunded. By a similar method the water is 
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toroed down still smaller channels ontil iinallj it is thrown on the fields, 
which are bunded all round to retain it. When the bands of the main 
stream are oTer-topped and carried awaj, which nsnally happens in a 
very short time, those lowmr down the stream get their share of water— 
and so skilfnl is the . organization that although these floods liuit but a very 
few hours the water is distributed in the above manner by hundreds of 
weirs and minor channels over a large extent of cultivation—and with, 
generally speaking, remarkably few disputes. 

The great defect of the system is that if only a small quantity of water 
comes down, the bunds lower down the stream, go without; if a large 
quantity comes down the violence of the torrent is so great that the earthen 
bunds are carried away in succession too rapidly, and three-fourths of the 
quantity is wasted. Moreover the cultivation is precarious in the last de¬ 
gree as rain is so very rare. If masonry dams or weirs could be substitu¬ 
ted for these earthen bunds, it is evident that the water would be under far 
better control than at present, and moreover could be stored up for future 
use in the bed of the nullah above tlio weirs. By a proper system scarcely 
any would be lost. Suppose for example a nullah some fifteen feet deep, 
with a fall in the bed of twenty feet per mile—it is evident that, if dams 
be constructed from bank to bank at every three-quarters of a mile, 
the surplus water passing over their tops in succession, a series of still 
water canals would be formed whence tlio water could be drawn by means 
of channels or the Persian wheel. If tlie beds of these nullahs were too 
shifting and shallow for this, then the waste water could be thrown by 
means of small side cuts into artificial earthen tanks. By a proper appli¬ 
cation of these two methods, there is little doubt that a great extent of 
country now lying barren could be brought under irrigation. 

In the construction of such weirs, the same rules apply as have already 
\ 

been stated with regard to tank dams—wherever the banks are at all liable 
to be cut away, great precautions are necessaiy to prevent the weir being 
tamed. The masonry must be carried well into the banks on both sides 
and water walls added for some distance both up and down-stream, 

345. The following description is from Colonel Baird Smith’s work 

The tank which bears the rather formidable name of Chnmbrumbankum is one of 
the finest-in the Madras Presidency. It ia pictareaquely sitnated in the vicinity of 
bold hilly grotind, and looks like a natural lake in a position where such a sheet of 
water might very readily be looked for. Beyond fnmishing the water and the ute, 
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however, nistare has had very Utile to do with its creation. It is purely artificial, 
and its simply is retained by an embankment 8 mUes 8 furlongs 30 yards in length, 
ranging from 9 to no less than 38 feet in thickness, and from 16 to 26 feet in height. 
Its area is ^uare miles, and its volmno may be estimated at 8,000 millions of ca> 
bic feet of Wat^. It amintains a sheet of rice oaltivation, nearly 10,000 acres in 
extent, yieldipg to-Oovmiinent an annoid reVenne of rather more than 60,000 rupees, 
and the eost of improving its varioos works, and keeping them in efficient repair has 
averaged, during the last 20 years, about 7 per cent, on the revenue derived from it. 
Its apparatus for disiribntiou ^consists of 10 irrigation sluices. Its safety during 
floods is insured by the action of six waste weirs or calingulas, giving in the aggre¬ 
gate a breadth of escape channel of 676 feet, with a depth below the crest of the em¬ 
bankment ran^png from 6 to IS feet according to position. Through this area an 
enormous mass of water can escape, and as the supply is dependent almost exclusive¬ 
ly on natnnfd'i*i^&l^ merely local drainage, the protective provision has proved 
^equate, and breBobes have been very rare. 

346« The following descriptions of other kinds of Irrigation tanks in 
Mairwara and AJmere are from Col. Dixon’s work;— 

Adbra tank mbankment —The Plate gives representations of the plan, section, and 
elevation of the work. AB shows the bund or embankment blocking up the gorge 
left open by Mature in the line of hills for the passage of the rain-water. Towards 
the water>line is the wall of masonry, having three bastions with two flights of steps 
leading down to the water. The wall of masonry is supported by an earthen embank¬ 
ment, the upper level portion of which represents the terrcpleiii o{ the bund. D 
denotes the nnddee, or watci^conrae, which has been closed up ; whereby the water, 
coUecting in one mass, constitutes the tank. The section through AB shows the 
thickness of the masonry and earth. The escape, C, has been cut through the hill. 
It has a wall of masonry towards the water-face perforated with apertures for sluices, 
through whidi the water is conducted to drains made of earth by the cultivators, 
leading to their several fields. The excess of water after the filling of the tank 
passes over the summit of the masonry wall, and flows off to fill weirs and tanks 
constructed to its rear. A setiond opening, or ontfall, is made in the opposite hill, os 
is diown in the Survey Map, The elevation gives the appearance of the masonry 
wall as seen from the bed of the tank when it is dry. The Survey Map affords an intel¬ 
ligible view of the bond, water, and countay around. Weils have been sunk in those 
positions where the cultivated land was too elevated to be irrigated by the sluices. 
Th^ communicate by small cuts with the bed or sluices, and the water is raised 
by (he Persian wheel, worked by a pair of bullocks. Sections throngh the kutcha 
drains made of earth are shown. The references on the plan, give a full explanation 
of the porticnlars to which they refer. The dotted lines drawn across the tank exhi¬ 
bit the positions taken up in its survey. 

The basin drained by the Eabra noddee, at the place embanked, embraces an area 
of about seven square miles. Daring heavy rains, the stream swells to a mountain 
torrent. It was therefore a question of the first importance, that the work dionld 
be extremely substantial and capable of resisting the pressuro of a wide expanse 
of water, having a depth of 20 feet. The length of the bund is 620 feet; the 
foundation has been sunk to the rock 9 feet in depth, having a breadth of 27 
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feet, bnilt of stone with limestone mortar. Th^ fnmt wall slightly deawaaa in 
breadth aa it rises in elovadon, each conne of mssmuy having a narrow ledge to* 
wards the water-face, as the breadth decreases { the weight of the snper s t mc tnre is 
thus kept well within the perpendicular line. By gradual decrease, ihe maacmy is 
reduced to 10 feet in breadth at the top. It^ height hnm the foundation ro<& to 
the summit is 83 feet. The rear embankment, continued through the whole 
length of the bund, is 70 feet in breadth, its greatest elevation being 28 feet 
and G inches. The water in the tank, after rising within 4 feet of the upper 
line of masonry doWs out by the ontfalls on the right and left of the bund. Gran* 
nlor limestone is in such abundance, and so easily quarried, that it has been en*- 
cluaively used as the building stone. It was contracted for by the Zmneendars at the 
rate of ten cubic yards per rupee, tools being provided at our own expense^ The 
stone was then carted to the works at a stated contract price. The quarries being 
near to tlie bund, this choi^ was equally reasonable with the original cost for 
excavation. Earth for the embankment was provided from the bed of the tank, 
ramps of earth being thrown up for the convenience of the beldars and cattle, as the 
elevation of the bund increased. Latterly, as the soil immediately in front became 
exhausted, earth was taken from the rear. The embankment in immediate contact 
with the front wall of masonty was well beaten down and watered from time to time. 
The beldars were paid by contract A low sloping bank was thrown np in front of 
the masonry, in raw to case off the pressure of the water; and to prevent the earth 
of the main embankment from being washed away by heavy rain, it has been 
provided with a dry stone retaining wall from 4 to 6 feet above the surface of the 
ground. The masonry and the embankment were carried on at the same time ; the 
presence of the earthen bund obviated the necessity for scaffolding, while the earth was 
well trodden down by coming in constant contact with the feet of the work-i)cople. 
The work was commenced in 18S7, and was completed in two years. Many facilities 
were offered in its construction. Stone, lime, and w'ood were in ample abundance 
and near b) the scene of work. Water was the grand difBculty to be overcome during 
the first season. It was arranged for, by sinking several wells in tiio rocky bed of the 
nnddee. 

The expense of tiie work Avas as follows:— 

Ra A. p. 

158,121 cubic feet of lime masonry- - - 4,365 6 0 

8,830 „ of dry stone masonry - - 121 12 0 

725^15 „ of earth well beaten down - 1,758 1 2 

Total expense of the Eabra embankment - 6,248 3 8 


The expense of the pneka masonry during the first year of construction was at the 
rate of throe rupees and two pie the 100 cubic feet. During the second year, owing 
to the presence of water in fhe tank the charge was reduced to two rupees nine annas 
the 100 cubic feet Dry stone masonry averaged one rupee ten annas, and earth 
abont four annas for the same measntement 
During the last two years, the sluice in the outlet to the west of the bund has been 
Bunk several feet in depth, in view to urigate the lands to the rear, and obviate fhe 
necessity of Persian wheels, and otherwise economise the labor of the cultivators. 
B^ore this arrangement was completed, there were eighty wheels, generally provided. 
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efforts to remove it proved unavailing. The trench was filled np with unslaked lime, 
and Btones promiscuously thrown in, nntil the water-level was attained, when toe 
masonry was built with stone aud mortar in the ordinary way. This work has stood 
ten years, and is os firm and stable as the day it was raised. The sections on y y and 
2 2, show toe thickness of toe masonry. The elevation affords a front view of the 
weir from its bed, on the nuddee being dry. 

In works of this kind, over whidi toe mountain torrents during the rains pass seve¬ 
ral feet in depth, attention should be directed to too scenrity of toe flanks. The 
niasoniy at each end of toe water-way shouid be elevated a few feet above high- 
water mark, and firmly emliedded in the banks. With these precautions, the torrent 
may roar in its passage over the weir without exciting apprehension. 



CHAPTER liVII. 

RIVER INUNDATIONS—RIVER IMPROVEMENTS. 

848. Bbfoub dismissing the subject of Irrigation Works, it may be 
useful to say something on River Inundations and River Improvements, 
with both of which the Indian Engineer has often to deal. 

Jhundah'ons.—The tendency of Indian rivers to shift their course and 
raise their beds by the deposit of silt has already been remarked upon—one 
effect of this tendency is to cause severe inundations daring the rainy sea¬ 
son. Nearly all the rivers of the Purgab and Upper India in general, 
flood their banks for a certaia breadth on each side dhroughout a consider¬ 
able portion of their course, these intuidations gradually increasing as the 
river approaches the sea where it terminates in an immense delta—which, 
during the rains is little better than a vast swamp. 

Now so long as these partial inundations are confined within reasonable 
limits, little harm and much good result from them. They do not it is 
true tend to the healthiness of a district and they prevent any autumn crop 
being sown on the inundated land—but the silt deposited by the water 
faniia go to fertilize the land that on the subsidence of the Inundation in 
the cold weather, the richest crops are produced with scarcely any trouble. 
In such parts of the country it is customary for the cultivators to construct 
temporary viUages which are abandoned when the j-uhbee or spring crop 
has been reaped—or such villages as are permanently inhabited are built 
upon natural or artificial mounds, and if necessary defended by a bund or 
embankment. 

The autumn crops which lie along the edge of the inundation are also 
defended by bunds which often extend for miles in length; these bunds 
are of no great height or solidity, as they are not built where the water is 
deep and are merely meant to save the crops. 

But such inundations, from local causes, often attain to great force and 
sweeping over the low ground may extend through the heart of a district 
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with a breadth of manj miles and a depth of several feet. Houses, vil¬ 
lages and crops are swept away—cattle and even human beings destroyed. 
Moreover the water no longer flowing with a gentle and scarcely percep* 
tible current, acquires great velocity in its course through the low land and 
having no time to deposit its silt, impoverishes instead of nourishmg the 
soil. An Engineer is often called upon to provide a remedy for such a 
state of things, and there is no work that demands more patience and 
skill, and none more anxious or interesting in its results. 

Thus it will be seen there may be two classes of cmbanlonents designed 
to provide for two different states of things, viz., (1), long continuous lines 
of embankment to chcclc the spread of lateral inundations, and confine the 
river within certain limits; or (2) a comparatively short piece of embank¬ 
ment thrown up to shut out a merely local inundation. 

849. 1. The science of Embanking, if it may be so called, is still in its , 
infancy, and very diverse are the opinions of Engineers on the subject. It 
is contended by tlio oi)ponent8 of river embanking in general, that such 
embankments by restricting the bed of the river within certain bounds, 
cause such a rapid elevation of the bed from the free deposit of silt, that 
the waters of the river are year by year raised to a much higher level; the 
embankments have therefore to be raised and strengthened regularly, so 
that at last the bod of the river may be raised considerably above the level' 
of the siuTounding country, as is the case with the Po in Italy, and the 
Mississippi at New Orleans—^tbus, whenever a breach may occur, the in¬ 
undation is infinitely more destnictive than any number of inundations 
when the river is allowed to take its own coarse unchecked. On the other > 
hand it is contended, that by confining the river between embankments, 
the velocity of the current is increased and thus the amount of silt depo¬ 
sited is lessened—^that the improvement of the river thus effected for 
navigable purposes, together with the great area of land annually saved 
from inundation, more than compensate for the loss caused by on occa¬ 
sional breach of the embankment-that the evils of the present system of 
embanking arise from the want of method by which it has been characteri¬ 
zed, and by no means involve the general principle, and that if a certain 
amount of space be given for the river to expand in on both sides of the 
cold weather channel) there is nothing to be feared with ordinary precau- 
tiuns. The general question had to be dealt with practically in this coun¬ 
try in the case of the Dsmoodah river, as connected with the alignment 
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of the East Indian lUdlway. The opinions of different Engineers and of 
the committee appointed by Lord Dalhonsie, to determine the necessary 
measures, will be found in the Bengal Government Selections. 

In America, the question of embanking or non-embanking has been 
practically settled by the occupiers of the land on both sides of the 
Mississippi, where, as fast as the groimd has been taken up and cleared, 
bunds or levees (as they are there termed), have been thrown up as a 
defence against the encroachments of the river. The maintenance of 
these levees is being gradually brought under the control of the States in 
which they are situated, and Civil Engineers are now generally employed 
to lay them out, and construct them on the best principles.* 

350. 2. Whatever opinion may be formed as to the expediency or 
otherwise of long continuous lines of embankments, it is still clearly 
necessary to resort to embanking for defending a country from local inun¬ 
dations, and it is to such therefore in especial that the following remm'ks 
will refer. 

The first point to be ascertained is the actual locality of inundation at 
its exit from the river, as this will tolerably define the length of the em¬ 
bankment that will hare be to constructed. At the same time the cause 
must be sought for, and this will generally be found to be—a set of the 
river towards that particular spot where the inundation breaks out, with 
perhaps the existence of a valley or old water-course or ancient bed of the 
river into which the inundating water fiows, and by which it is carried into 
the interior of the country. It is in general imr^ossiblc to ascertain the 
cause of this set, or at least very difficult. For the cause may exist higher 
up or lower down, or near the place itself, and these rivers, are so capri¬ 
cious in their meanderings, that wo know little of the laws affecting their 
various changes of course. 

In some cases, however, the cause may be ascertained and attempts may 
be made to divert the set of the stream towards the opposite shore. The 
means to be adopted with this end in view will be discussed farther on 
under the head of “ Improvement of Rivers.” Such experiments are 
always donbtfal, and usually require to be carried on through a series of 
seasons to be successful. It is, in fact, battling with a giant and requires 
great perseverance, energy and skill to obtain any success. Works con- 

* Tbe gtndent may oonenlt Bewson on ** Lev^” anA Eltotb “ On the MlsalRiippi and Ohio 
fU^enalao a Tory able report which has lately been publtBhed by two Offloen of the United States 
Bagineere, “ On the Phyrioe and Hydraulici of the Uieetielppt Blvw." 
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Btructed when the river is low, are often swept away by the first freshet— 
and the work has to be dune all over again. If therefore the damage done 
by an Inundation be great, but especially if it has a tendency to increase, 
the difficulty should be at once boldly met and embanking be resorted to 
as the only efficient remedy. 

351, The locality of the exit of the Inundation being ascertained, the 
extreme limits must be found out, tliat is, the breadth of the invading 
body of water; and its greatest dojith shoull be ascertained at as many fixed 
places as possible; this will be determined by actual obser' during the 
flood, in a boat or otherwise, and by ii>sf)ectiii,L, tbe flood marks left on 
houses, trees, «S:c., as soon after the waters ..avo recoded as possible. 

The fall of the ground from the points where the floor! '^vjiths have been 
ascertained near the river Lank, along tiie course of the immdation inland, 
should then be detonnined by levelling, and this being all plotted down on 
apian o." the snrroinuliiig countjy, the lino of embankment will be deter¬ 
mined from the follnving considerations ;— 

1st. It is evident that the two ends of tlie Eiuid should rest upon high 
ground not lialde to be iimndatcd, or that at any rate tlie upper end must 
so rest, or there will be the great danger of the embankment being tuimed 
and flooded in the rear. 

2nd. If the river, as is generally the case, is cutting away its bank, 
the bund must be fixed at some dibtauce inland or tlie river may eat its 
way to the foot. 

3rd. All canals and ^- aiiT-courses (unless it is intended to shut them 
up) will recjuirc Masonry Works over them, whore crossed by the Bund, 
BO that a proper quantity of water may .still be allowed to pass for the pur¬ 
poses of Irrigation—wherefore it is desirable to cross us few of these as 
possible, and they should be cro.s.scd at right angles. 

4th. It is evident that the water when stopped in its onward progress 
by an embankment, will rise to a much greater height that it did when 
flowing on unchecked. The greatest height to which it can rise at any 
point of the bund, will be found by finding fall from the opposite point 
on the river bank and then adding to this fall the height of the highest 
flood mark, observed at the point on the banlc. Thus, if tlie w^ater rises 
two feet high when overflowing its bank, and the fall from the bank to the 
opposite point at the bund be four feet—-then the water may rise to a 
height of six feet when checked by the bund. I say, may rise, for (his 
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will only happen when the water has no free outlet at the lower end of 
the bund or when the fall down the coarse of the inundation is greater 
than the fall down the bank of tlie rirer. Nevertheless this horizontal 
line of still water (as it may be called) should always be taken to deter¬ 
mine the height of the bund, three feet being allowed in height over and 
above this total for safety’s sake. As many points therefore on the river 
bank whose flood marks are clearly determined, will give the required 
height of the bund at as many opposite points in the proposed line of the 
bund. It is evident then that the more inland the bund is made the 
greater will have to be its height, and in all probability the greater its 
length. 

t These four conditions will generally determine tlie line of embankment, 
i which to satisfy them should, (1) have its two ends well secured, (2) not 
! be too near tlie bank or it may bo cut away, (3) should cross as few water- 
- courses as possible and these at right angles, (4) should not be too far 
inland, or it will have to be made very long and of a great height. 

Tliere are also minor points which may have to bo considered, such as 
the taking up of cultivated land, the defending any particular village, 
avoiding bad soil, &c. The land between the bund and the river will be 
greatly enriched from the deposit of silt. On the other hand, such por¬ 
tions of any canals as lie between the bund and their mouths on the river 
bank, will be much silted up, and require heavy clearing after the water 
has retired. 

The height of the bmtd at various points being determined upon, the 
line sliould be cleared and levelled, and then the reqTiired height at any 
number of intermediate points may be ascertained by levelling, 

353. The section required for either class of emb.. ikment will depend 
on the depth of water and its velocity. I suppose earth to be tlie material 
employed, as stone would bo rarely procurable, and generally much too ex¬ 
pensive. 

Unfortunately we have few rules to determine the necessary thickness of 
material to resist water in motion. We can calculate the mere dead pres¬ 
sure from the depth and area of the surface pressed, but the two great 
practical dangers to be guarded against, come under no fixed rule. These 
arc, Ist, The tendency of the water to cut against the slope of the bund, 
either from the velocity of the stream or when agitated by waves; 2nd., 
The soaking of the water through the mass of new earth, whigh, unless 
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speedily checked, ■will cause breaches in many places. It is evident that 
boUi of these dangers diminish in proportion as the bond gets older and 
the earthwork has time to consolidate—it is during the first,,year that the 
gfreatest danger occurs. There is also a third source of danger which 
should not pass unnoticed, and that is the holes made in the embankment 
by rats or other vermin. 

The thickness of the bund at top will depend on whether it is also to be 
made use of as a public road or not. The traffic on it tends to consolidate 
the earth, but it i| also apt to break it down, and lower the crest. In the 
Plate an arrangement is show'u for joining a road on to a bund, which 
obviates this objection. A to]> width of G to 10 feet will generally be suffi¬ 
cient, w'ith a rear slope of 1 or to 1, acconling to the nature of the soil. 
On the water side, the sloj>c cannot be too Jong for safety, and the degree 
of its flatness is a mere (piestiou of expense. It ought never to be less 
than 3 to 1, and, in general, should not be less than to 1. 

The earth should be thrown up in layers and well ranniied, and the sur¬ 
face soil loosened to nialcc the new' earth bind better with the old. Sand 
may Ixs allowed for the heart of the bund, but not for the two slopes. Stiff 
elay is apt to crack and is nru .so good as light clay or good alluvial soil. 
Khririkngc should be allriwed for, as in the ease of Itoad JCmbuiikmeuts. 
The. amount depends on the nature of the soil, and usually varies from ^th 
to -\,th the original bulk. 

The earth for the ooUHtrueiion of a bund should on no account be taken 
immediately fv<»m its front, the effect of ivliicli would be either to deepen 
tlie pressure ol tlio water against it, or to make a dangeroug stream along 
its face. !No excavations should be allowed w'ithiii 20 feet of the toe of 
either front or rear slope. 

353. When the foundation soil is very boggy, it may be necessary to 
seek for an artificial foundation to support the bund. American writera re¬ 
commend brushwood, as in the case of a road bank, but the danger of leak¬ 
age is very great, and triay result in the new bank being undermined and 
swept away. If draining is too expensive, the sub-soil may be consolidated 
by wooden piles made of any common wood, and driven in 4 or 5 feet 
deep, or the earth may be excavated for 3 or 4 feet, and the excava¬ 
tion filled in with sand, A simpler and cheaper remedy is to use sand- 
piles, i. a wooden pile of about one foot diameter is driven in some feet, 
and then withdrawn, the hole so mode being filled in with rammed sand. 
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and this is repeated at intervals of 3 feet or so in each direction over tiie 
whole of the boggy surface. 

If possible the water-slope should be artificially protected. The best 
plan is to turf it, or at least the lower half of it; but unless grass and 
water are plentiful and close at hand, the expense would be too great.' 
Grass roots may be dibbled in here and there, or grass seed sown and well 
watered. If none of these can bo managed, then loose brnshwood may 
perhaps be available, or coarse mats and chvppahs. In Holland straw is 
used for the some purpose, twisted into ropes about 2 inches in diame¬ 
ter ; it is laid on the face of the bank and pinned down with forked sticks, 
rope after rope being added till the whole slope is covered. 

Any dry streams or water-courses crossed by the bund should be care¬ 
fully filled up for a certain distance in front, as when the inundation first 
breaks out these nullahs are filled with water, which will often run down 
their course and cut clean through tlic bund, even before the water has 
attained any height. Wlierevcr quell nullahs appear either at right angles 
to, or oblique with, the bund, it is advisable to throw out spurs of brush¬ 
wood and piles nearly perpendicular to the stream of water to divert the 
set of these streams from the bund. These spurs may be made of a double 
row of piles of jungle wood, about 4 feet apart and filled in with brushwood 
—•they should be higher tliaii llie water, and may be necessary in consider¬ 
able numbers, as in the defence of a river bank. 

In crossing canals, Regulatoz's will be required, made after the ordinary 
manner of regulating bridges, the roadways being level with, and connect¬ 
ing, the top of the bund. 

In a new embankment, the greatest watchfulness is necessary when the 
water comes up, to prevent breaches. Gangs of workmen sliould be sta¬ 
tioned all along, well supplied with mats, piles, mallets, &c. As soon as 
the water is observed to be soaking through at any place, mats or brush¬ 
wood should be put in front to stop it, and if a regular leak occurs under¬ 
neath, the bund must be well cut into and the leak discovered and stop¬ 
ped. If the slope is being cut away, piles and brushwood must be applied 
to mmedy it, and a spur thrown out to divert the set of the water. If a 
break occurs and the water rushes through with any fores, as is generally 
the case, it will be almost impossible to stop it—the only thing to be done 
is to defond^ze sides of tlie breach with piles and brushwood to prevent it 
increasing, and to wait the first falling of the water to repair it. Breaches, 
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however, may be occasionally stopped with tripods made of piles placed in 
a row,—and stout chuppahs in front. Sacks of earth in sufficient numbers 
thrown into the breach are also useful, or old boats may be sunk. 

Sluices of masonry are often fitted to bunds to irrigate the lands to the 
rear. It is better, however, not to fix them until the earthwork has prov¬ 
ed itself firm. 

Sd4t Improvement of Rivers.—In forming plans for the Improvement ^ 
of Rivers, the following are the objects generally to be kept in view; Ist, i 
The means to be taken to protect the banks from the action of the cur- ! 
rent; 2nd, The means to prevent inundations of the surrounding country; | 
3rd, The removal of bars, elbows, and other natural obstructions to navi- ! 
gation; 4t}j, TJie means to be resorted to for obtaining a suitable depth ■ 
of water for boats, of a proper tonnage, for the trade of the river. 

1. To protect the banks eitlier artificial means must be resorted to, to 
divert the action of tlie current along the shore, or the banks themselves 
must be artificially protected. The latter plan can only be used when the 
banks are high, and not liable to inundation and the soil of not too loose a 
texture. If tliey are perpondieular, they should be cut down to a gentle 
slope and defended by a rt vetnient of turf, stone, &c., by sowing grass 
seed, or by planting low jungle or aijuatic jilanls. 

In Flanders and Il.>l!.'Uid, when a bank is to be protected, if tbe erosion 
take place ahore the ordinary water lino, and the natural slope of flie 
ground below sneli as to sii]>|)ort the weight of the bank, fascines are laid 
in horizontal courses and Ijoimd together by stakes running into the bank. 
Wlien the bank is eroded bdoir the ordinary water lino, the course adopted 
is to form o species of raft of gabions strongly tied together and fixed into 
the bank‘d by stakes, with their ends projecting into the stream. Other 
gabions uo placed on these in a direction parallel to the bank, and fascines 
alternately crossing one another in the body of the raft, are laid upon this 
grating. Tlio whole structure i.s firmly bound together and sunk by being 
loaded with stones or bags of earth. Lai’gc hollows in tlie bank are filled 
with panniers loaded with gravel. 

It is evident that the expense of the above methods must preclude their 
adoption for any great length of shore in general. The set of the water ■ 
against a bank can-however often be altered by constructing fixed or. 
floating spurs running out from the shore which deflect the current to 
tihe opposite side. 
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Ubeee spurs may consist of two or tiireerowsof piles, the interval, being 
filled with brai^wood, which* stand well against the stream, and by check-' 
ing it and cansing a deposit of silt, gradually effect their purpose. It is 
calculated that such a spur will defend seven times its own peipendicniar 
length from the shore, viz., four times its length below and three times 
above. For economy of construction, therefore, the more perpendicularly 
such spurs are run out from the bank the better, but as the force of tiie 
water is often so great, that if placed perpendicularly to the thread of the 
stream, they would never be able to stand, and as the effects of the back¬ 
water at the root of the spur are also very great, 1 have found that an 
indination of about 45° should, in general, be given to them. A system 
of spurs should be so arranged, that the next one is put where the first 
one ceases to act, and* the tops should in all cases be well above the surface 
of the water, so that the surface velocity may be checked as well as the 
under current. If the object is merely to protect the shore it is better to 
use a greater number of short spurs tliau smaller number of long ones 
where the breadth of tlie current is considerable: it is evidently uselessHQ^ 
to run the spur into the slack water beyond the current. If the object, 
however, is to defiect the current to a considerable distance from the shore, 
60 as to alter the set of the river, then long spurs must be used. 

355. The following is a description of the brushwood spurs constructed 
between 1855-58, to defend the Cuttack Revetment Wall from the action 
of the Mahanuddee river :— 

In 1866 a brushwood spur was constructed, the result of which was a two-fold one. 
Farther dlting up of tho hollows nnder the revetment wall took place, and the line 
of deep channel of the river was diverted from a course dead on the revetment wall 
to a very favorable one, parallel to it. The spur consisted of a double row of piles 
driven 3 feet apart from centre to centre, and a width of 3 feet between the rows. 
These piles averaged 15 feet long and 8 inches in diameter at the head. They 
were driv^ 7 feet into the sandy bed, a^d according as a length of two or three 
hnndrr.d feet was completed, tiie space between Ahe rows was filled up for a height of 
6 feet, with fascines of brushwood, firmly packed and trodden down. The top was 
then tightly bound down by coir ropes, crossed from pile to pile, and the whole was 
thns rendered very firm and secure. There was no attempt made to weigh down the 
fascines with stones, as it would have been too expensive, and the result proves that 
this was not required, for, when the water rose over the spur, none of the brushwood 
bundles showed any inclination to rise, float away, or resist being confined within the 
original space allotted to them. 

In 1858 a second brushwood spur, was constructed by Mr. Armstrong, C.E. It 
was 1,923 feet long, and constrncted similar to the one in 1866. This spar cost 5 
annas per foot ran; the one of 1866 cost 8 annas per foot; the difference is owing 
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io pvt to the &et that ttte last built spur was erected during tlie dry weather, while 
that of 1856 was constmcted in water. The great saving however was effected in the 
pile driving. The engine formerly used conld only drive 24 piles per diem, with 16 
men ; the light ringing engine used for the second spur required only 12 men, and 
drove on an average SO piles. To assist the action of this spur, brushwood dams 
were run across the deep pools in the river, at various distances, from 100 to 200 feet 
apart, according to the depth of the water or the state of the revetment’s foundation. 
These dams were formed of three or four fascines, in the centre were placed one or 
two stones, according to their size, and the fascines tied firmly round them with 
three coir ropes, one at each cud and one in the middle; these bundles were abont 
B feet long and 2 feet in diameter in the centre, and at the end 12 inches or so. 
These works were quite successful in their object. 

356t Where stone Is available at a cheap rate it is generally the best 

material for these works, especially when the depth of piling is great, as 

¥ 

timber piles of any lengtli are often very dear. The following practical 
liints on such works will be found useful. 

For works in depths of over 2^ fathoms, use the largest stoue available;; 
small stone, used merely to fill up the interstices between large ones, being 
useless—wasted in fact. The base of the spur may be laid out a few feet 
more than double the height; Ike stones will stand well at slopes of 1 to 
1, and there is no necessity for more than a few feet in width at top. In' 
depths of from one up to two and a half fathoms, use ordinary guide and 
sheet-piling, like the sides of a common cofferdam, with a line of brush¬ 
wood about 6 feet wide and 2 feet deep sunk on either side, to prevent 
washing about the feet of the piles. In depths of less than one fathom, 
two rows of jungle-wood piles, driven at distances of about 3 feet apart 
each way, the space between being filled in with brush-wood secured down 
with clay, or stones, &c. 

As Ike depth of water in which the large spurs must be built is often 
considerable, it will be necessary to adopt every available means which may 
be likely to economize material; the following plan has often been found 
to effect a grei^t saving. The spur should at first be laid out only large 
enough to allow of its being carried up to the level of low water; as it will 
generally be found that, when the stone-work is carried np to this level, a 
shoal will be formed on one side, or perhaps, on both sides of it. When 
the shoal is completely formed to the level of the spur, a line can be set 
out on the ishoal and old spur, of dimensions sufficient to alloV of its being 
carried up to half-tide level. Half-tide level will generallyjbe found high 
enough to carry the stone-work; but if, when the shoal forms up to this 
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level, more be found necessaij, another can be laid to be carried up to 
ordinary high-water. By proceeding in this way, a very great saving may 
be effected if the scheme be successful; while, if it fail, that is, if silt do 
not accumulate as the work proceeds, the worst that can happen is, that 
the spur most be carried up as it would have been if the attempt had not 
been made. 

When building in currents, the site of the spur should be covered 
completely over witli about a foot deep of small stones, or very coarse 
gravel, before any part of the work bo carried up more than a few 
feet in height. This precaution is necessary whatever kind of spur be 
used: if it is not attended to, the current, which always runs round the 
spuT'head, will deepen the site of it as the work proceeds, so that a work 
which was intended to have been in 10 feet of water may be really carried 
out in 20. The deepening goes on gradually and almost imperceptibly: 
but the loss of material caused by it is often very great. In the case of 
small pile and brush-wood spurs the piles may be all driven first, and then 
a thin layer of brush-wood put over the bottom, before any part of the 
body be raised. 

357. Floating breakwaters, consisting of an arrangement of logs made 
more buoyant if necessaiy, with casks, are also recommended for deepening 
the channel of a river, protecting a shore from inundation, or removing a 
sand bank. If these fioatiiig logs are moored on the edges of the navigable 
channel, athwart the stream, the cirrrent would be thrown more into the 
bed or middle of the river (from "the comer where the logs are supposed 
to be fixed), till it is opposed by the next log fixed at the next comer; 
whence, again, a new and improved direction of the current may be given; 

thus working at the different comers where the stream has a set on the 
shore, and is tending to increase the elbow already formed—and remember¬ 
ing always, that the angle of incidence is equal the angle of refiection, which 
will determine the inclination of the logs, a contidcrable effect may be 
gradually produced by the bulk of the water being impelled into the mid¬ 
dle of the channel. 

If the connected logs, are, instead of being placed athwart the stream, 
BO situated as to keep back the water contained in its channel, and are 
kept at command by having chains at one end secured to the bank, and 
at the other end so fixed as to maintain the logs directly across the current, 
and if this be done on both sides of the river, there will be a rush of water 
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between tbe ends most distant from the banks, which will wmstantly act in 
deepening the passage in the middle, and generally along the bottom. 
Wherever shallows occur, this method would be applicable. 

In this way floating spurs cau be fixed, being moveable as on a pivot at 
their shore ends. These logs should always be moveable, so that their 
inclinations may be altered as the set of the stream gradually changes, and 
that they can be removed during flood time. Their depths and breadths 
must be proportioned to the power of the river. 

3d8i 2. To prevent Inundations, either the set of the river must be j 
altered, or Embanking must be resorted to, or a free’er outlet must be | 
afforded to the flooding waters in their course down stream. To effect 
the Jrst the means already deserilied may be resorted to, the attempts ! 
being continued with perseverance through several successive seasons. ; 
The second lias been already treated of. 

Tlic third remedy is often ajiplied by straightening the bends'of a river, 
so as to increase the fall, and, therefore, the velocity of the stream, but 
the system is now generally condemned, unless it can be carried out 
down the wliole course of a river. Eor tbe effect of straightening any 
particular bend by a cut-off, is simply to save the land above at the 
expense of that below, tlie flood waters being thrown into the river below 
the cut-off more quickly tlmn they can be passed on, while nature revenges 
itself in the end by caiing out the banks until the velocity of the stream 
and resistance of tlic luinks are again c<jualized, or pcrhajis, bj' estab¬ 
lishing another hend. 'I'lic greatest benefit to he given in this direction 
would lie bv confining the exit of the water to one channel through the . 
delta, whereby the depth of water would be increased, Iwirs at the nioutli/ 
swept away, and the flood waters above passed off. Of course, such' 
an operation on the della would involve groat expense and nuicli Engi¬ 
neering skill, hut both money and skill would be expended in the right 
direction.* 

•359. 3. Tlie most common obstacles to Navigation in Indian Rivers j 
are rocks—kunknr banks—sunken trees—and sand or mud banks. The 
last are best removed by diverting the enrrent of the river against them 
by means of spurs as above described. Drc.^ing may also be resoried to 

* The Aineson, Which dlaoharges ll» watrara 07 a ningle inonlh, carries them 150 miles into the 
sea, and egoctuallr prevents tlio formation of any bar. The mouths of a delta river carry on the 
■Itt a diort dietanoe at a feeble rate, when It ie met by tbe tide, and thrown np in the ahape of hart. 

VOL. U, 8 K 
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is particolar cases^ bat it is generallj very expensive and attacks ibe effect 
and not the cause of the shoal. The works generally employed for the 
removal of th^e shoals in Indian Bivere are called hwndttU. 

They consist of bamboos fixed at intervals in Imes inclined to the stream 
Fig. 1. —along these others are 

tied longitudinally, on 
which mats are hang 
facing the stream, the 
rear being supported by 
stmts. In constructing 
these, two points have to 
be attended to. The piles 
after being well shaken 
into the sand shonll be 
driven down with mallets, 
and in placing tlte mats 
a space shown at AB must be left between their lower edge and the bed 
of the stream—the mats over>lapping one another. 

The action of such a work is to collect the sand carried by the** stream 
Fig. 2. and deposit it at the back of 

the bandel. If the mats were 
carried to the bottom this would 
not be the case, and hence a 
space is left fur the water to pass 
carrying the sand with it, and 
which as a rule, cuts a deep 
trench in front of the handle, 

as shown in Fig. 2. 

Tlie defects of this system are—1st, Its buoyancy; 2nd, Its porousness; 
and 3rd, Its limited application, due principally to the first defect. If the 
materials were heavier, then it might be placed in deep water; but to retain 
at for any length of time, even in the shallowest parts of the strejim, it is 
necessary to have the piles constantly driven down, as they are always 
liable to be washed op and fitted away. 

The second defect, arising from the openness of the mats, is not so 
detrimental as the former. A certain quaaitity of water passes through 
them without being of the slightest use. On the contrary, its effect is 
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Iwtlier injuriotis; for it increases the current at the back of the bandel, 
and assists in carrying ofif the finer particles of sand, which woald go 
towards the accnuiulations in the rear. In some cases it is reqniidte to 
stop the corrent altogether, under these circumstances the mats but very 
imperfectly perform their intended office. 

Bandels are generally , arranged as shown in Fig. 3, which represents 
Fig. 3. their position when first laid down. After they 

have been in operation some little time, the sand 
will commence to accumulate at the lower end and 
will fill up as far as A. To meet tins lengthening 
of the channel, other lines of bandels have to be 
added, and continued as far as the filling up 
extends. 

3fi0. The following improvement on the com¬ 
mon native bandel has been tried with success by 
Mr. Longmore, on the Ganges and Bhagiruttee 
rivers. The construction is fully shown in Fig. 4. 
These groins were formed by a number of piers, 
triangular in shape, placed at intervals and tied firmly together. 

Elach pier was constructed thus—3 piles were driven to form^as near as 

Fig. 4. 




possible an equilateral triangle; over these a triangnlar curb, crossed with 
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smnll bamboos, to form a sort of gridiron, was dropped and forced to 
the bottom. 

The upper part was then tied to form a tri.'ingle similar to the lower, and 
piles were driven at intervals along all those sides and the interior filled with 
sand bags, made of.mats rolled into a cylindi-ical shape and well rammed. 
After this t'.ie mats were applied, measuring 20 feet x 3 inches, made by 
tying the small mats on to a framework of bamboos. As soon as one side 
of tlie frame was fastened to the piers, the boats carrying them were with¬ 
drawn, and the force of the current carried it close in; often with such 
force as to make the whole groin creak and bend again. To preveui the 
escape of any of the sand bags, the lower curb was fastened to the top one 
with stout string. 


Fig. 5. 



The triangular shape of the piers was found advaatrgeons. The wa¬ 
ter rushing tliroiigh the opening between the piers spreads out on either 
side, cuts away the sand and tends to tilt the pier over—this is coun¬ 
teracted by the struts, and its connectitm with the other portions of the 
work—the sand under and in front is then cut away, and the pier sinks; 
in some cases inclined forwards, in otliers to tho rear, but generally ver¬ 
tically, depositing a great mass of sand behind (see Fig. 5). In a depth 
of 12 feet, 10 feet have beeji shoaled up in the course of a couple of days, 
extending in one line for a distance of 150 yards, and at least 15 feet broad. 

All the coarser sand is deposited at A—the finer is carried and deposited 
in the direction of B. # 

861, It is impossible to lay down any rule or number of rules, that 
shall be applicable to all the various phenomena of the river,—-for fixing 
the sites of such works. Each reach of the river requires diflferent treat- 
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tnani at different periods of the same season, and in each year invariably eo. 
In laying down any priiiciplc for giiidunei', the chances are that the i>hy- 
aical characteristic on which it is boseil, may not be fully recognised, and 
it will therefore be a failure. 

The contour of the hanks may he safely taken for gnidanre wlien the 
river is high. The deepest and strongest cunviit will run along its concave 
side, fv(»m whence the bod will grailnally slojie up, foiMiii g .i sand h. nk or 
shoal on its convex side. And a shoal generally exists running ohVquely 
across the river, from the point where the currenL passes, and from one 
bank to the other. But when the river is low, the banks afford very little 
indication where the current is deepest and strongest. 

Before deciding upon any line of action, it is very necessary to take 
Fig. 6. Soundings regularly, to ascertain any change 

„ that may be tal ing place in the bed of the 

" '/ f stream, and to what part it is likely to tend. 

/ / / In case it has to be diverted from one direction 

^ r , I to another, it is host to work in eurves as much 

5 o as possible, that the water may lose but little of 

^ o its initial velocity ; but where the channel can 

5 A '* I ir.ade straight and preserved so, it sliould be 

^ j can ied out arc* rdingly. For diverting the main 

stream of the (.lat g.'s, curved groins, arranged 
as in the figure, have been found to answer exceedingly well. 

It is often difficult to deterraiue the oflect a proposed groin may have 
when there are a number of cliaiiiicls and currents. This will bo shown on 
Fig. 7. reference to Fig. 7. A strong current runs dowm B to 

, A, passes and diviiles into two currents D, E. Agroin 

I ^ at A, it might be supposed would divert more down to 

' ^ E: it may however have a cintrary effect, for the current 

\ \ at A finding itself arrested w-ould turn off in the direc- 

K \ \ \ 'J tion C and form a curve to F, a direction less favorable 

W ' i-i.* for tbc current down E. Tlien it might be urged that 
V tN closing I) would answer this end. Even this is prob- 

I kV lematical. For the dr||v on the current down B, which 

' must be kept deep, would be slackened, and it would 

tend to silt up, ext3ept it was closed long before the river reached its 
lowest. 
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In deepening a shoal the two nearest and deepest portions of the upper 
and lower reaches should be connected, eren though somewhat obliqxie to 
Fig. 8. the current, when the quantity of^sand to be carried 
off is less than where the current is more direct. 
For, apart from the greater quantity of sand to be 
removed and the teni ncy of the stream to economise 
its own force, it will be found, that the relative levels 
in the two reaches are different (see Fig. 8). A will 
be lower than B, and for this reason, that in A, there 
is notliing to back up the stream higher than E; 
whereas in B, it is backed up from I), causing a head 
of water there which is all employed in forcing itself 
and its sand down to E. The difference of level is 
only apparent when the stream has nearly reacheef its 
lowest point. Bandels arranged at C, before it has 
reached this, would aid in opening a channel, and be ready for the lowest 
state of the river when a current would set through it, and to assist which 
the bank at D should be shoaled up. 

The chief defect in the native bandel—its buoyancy—^haa already 
been noticed. To remedy this, it has been proposed to use wrought-iron 
sheets instead of mats, retaining the bamboo piles Fig. &. 
and struts. The weight of the sheets would keep 
tiiese in their position and prevent their being washed 
away. In addition to which, being impervious to 
water, their action would be more complete, and fur¬ 
ther would afford the moans of catting off a shallow 
current entirely, which is often very desirable, but 
with the old bandel quite impossible. 

For deep water, a larger bandel has been suggested, 
made principally of iron, see Fig. 9, which shows the 
junction of the strut and pile, both made of angle 
iron; the facing might be of mats as usual. It would 
probably act very well and be quite sufficient for aU 
the more important works and the common bandel, when improved, as 
suggested, would be found amply sufficient for minor works. 

The expense would not be greater than the present system; as one line 
would be as effective as three ordinary ones, and though the first cost 
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would be a little more, still in mats and bamboos there would be a great 
saving, without taking into consideration the immense amount of labor 
that would be saved, both in construction and in keeping down, or in at¬ 
tempting to keep down, the old style of bandol; and which, in spite of all 
precautions, causes great loss by being washed away. 

363. The following simple dredge has been proposed by Mr. Longmore, 
Fig. 10. for opening a channel through 

shoals when bandels had already 
been constructed. A simple ap¬ 
paratus, to be worked by hand, 
is all that is necessary; 5 or 6 
feet is all it would have to work 
in, and that principally at the 
upper end of the channel, when 
the curient being ^slacker there 

would be the mo.st need for it. 

A—Pile for keeping boat steady. 

B—Scoop. 

r —Rope for raising scoop. 

I)—Anchor. 

E—Platform on which to throw the stuff. 

FF—Beams tying hides of boat. 

G—Platform for men to work the scoops. 

Raking up tlie sand, by drawing a “burrow” through it to be carried 
off by tlie hiream, has been tried, but found nut to answer. This would be 
very effective in clay, or clay and sand, but in sand alone, lying for some 
distance along a shallow channel, its action would be very limited. 

304-. Sunken trees are gencrolly removed by blasting, and the follow¬ 
ing account of work of this kind as actually carried out on the Gogra 
river, in Oudh, by Liont. Carroll, R.E., will give all needful details, and 
be found useful by those undertaking situilai ^ork:— 

It is necessary, in the first place, to describe the general features which 
produce the difiiculty of removing a sunken tree. The current of the 
Gogra flows in many places 2^ miles an hour, or 3 6 feet a second. This 
speed is quite common round the edges of a kunlcur rock, or between 
branches of a sunken tree; in many such places it is much higher than 
this, and as the pressure of the current is proportional to the square of the 
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yeltxaty, the difflealty of working boats, or placing charges of gunpowder 
may be considered to increase in the same ratio. The trees are found 
sometimes wholly, sometimes partially, immersed in the channel, or they 
axe found partly or wholly buried in the sands, and only creating danger 
in the rainst when the floods rise over their branches and hide them ; or 
they are found thrown up on the sands and not imbedded, or lying fallen 
on the Irnnks ready to be swept in at the next floods; but wherever they 
are found, they offer a very itidififemit mark for the action of gunpowder. 
The roundness of the branches and their small surface compared with their 
strength, the toughness of the roots, and the massiveness of the stem, 
combine to uialco the leinoval of a largo tree a tedious and diflictilt matter. 
It presents no large and weak suifaee like the hull of a sunken ship, and 
it lies usually in shallower vraier which oilers loss resistance as tamping to 
the charge. When broken up, the pieces, often of gi'eat weight have to 
be dragged in and lifted up upon tlie high main hank, to prevent their be¬ 
ing again carried into the river during floods, and becoming fresh obstacles. 
The above description applies to the largest class of trees, of which many 
have been found wiilt stems 10 feet and more in diameter. The removal 
of a small tree is of course proportionally easier. 

The means employed for the blasting of trees last year, in the absence 
of better ones, were charges of from 2.5 to 50 Itis, of gunpowder, contained 
in tin cylinders, and flred by means of tin tubes rninmcd with fu^o composi¬ 
tion, and attached to the cylinders by a waiei-proof joint. The tylmdcra 
were provided with loops of jon-wiie projecting from the side, by means 
of which they could be Icnvcrcd into the selected spot, by sliding them down 
bamlmos, previously driven m and stnyt'd ag.iinst the bianehtb of the tree. 
This method of pUiing tlic ch.irgc h.ts been n tabled, ns it found (hut no 
moderate weight uttadied to tlic <yliiidei'i will retain tlum in their places 
in a strung current, and betause in many places a diver cannot be safely 
sent down to plaee the ehniges. 

3fi5t The mode of fliiiig by fuze tubes was abandoned as soon as 
possilde; it was very inconiemcnt at any time, and the tubes were liable to 
break; they were also veiy nncortain in depths even of 6 feet, and they 
could not be employed at all iu considerable depUis. 

Another method of firing charges employed last year, and in the present, 
has been found very effective and,—granted that the cylinder and tube 
have been properly tested,—it is perhaps the most certain of all. Instead 
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of the thin tin tubes above described, a tube of about three-fourth indi 
diameter is employed, and soldered into the cylinder near one edge. A 
thin bamboo lashed to the cylinder and tube secures the latter from bmng 
injured, and the cylinder and tube thus prepared and tested can be stored 
in the magazines ready for use. The testing is done simply by filling the 
cylinder with water, through the tube, till the latter is full to the top. If 
the cylinder will stand the pressure of a 10 feet head of water thus applied 
without leakage, it will bear to be immersed (when filled with the charge) 
to a depth of 15 feet, or if very tightly filled, to a depth of 20 feet. The 
charges thus prepared may be placed, as before described, by sliding them 
down on bamboos into the chosen spot. The firing is effected in the 
following way, which I believe to be novel. ^ Into the top of the tube, 
which projects above water, is fixed a fuze which is rammed in a tin tube 
9 inches long and of a slightly conical shape. The composition of the faze 
contains near its head a pellet of iron of about half the diameter of tho 
lower end of the tube. The burning of tho fuze makes the pellet red-hot; 
it is prevented from blowing out upwards by two cross wires, and con¬ 
sequently when the fuze has burnt out, the pellet drops through tho tube, 
and ignites tha gunpowder. A large number of charges have been fired 
in this way, and no failure has ever occurred through the pellet’s not fall¬ 
ing or not being hot enough. Charges thus prepared have been used in 
from 15 to 20 feet of water, and it is manifest that with flexible tubing, 
such as block tin gas-pipe, that tliey might be employed in much greater 
depths and with some advantage where time did not admit of tho construc¬ 
tion of a galvanic battery. The fuzes should be rammed with ordinary fuze 
composition, which is a mixture of— 

lb. oz. 

Saltpetre, .... .84 

Sulphur, ..... 1 0 

Mealed powder,..... 2 12 

and care should be taken that the pellet is always coi^derably smaller than 
the tube it hss to &U through, and that it is not angular in shape. 

866 * The Magnetic Battery has also been employed this year with suc¬ 
cess, and though the mode of using it and the construction of the fuzes are 
amply detailed in Messrs. Wheafatone and Abel’s Report on the subject 
in Volume X. of the Profesrional Papers, Royal Engineers, part may bo 
repeated here in order to render the account of the rough but effective 
fuze here employed more distinct. 

VOL. It. 8 L 
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The ordinary fhze consists of a wooden plug carrying a gutta-percha core 
nserted through its axis, and containing two hne copper wires msnlatcd 
from each other. The core projects three-fourths of an inch from the lower 
extremity of the plug, and its end is cut off clearly, so as to expose the 
extremities of the wire, which are one-sixteenth of on inch apart. The 
npper ends of these insulated wires arc separated from each other, and put 
into connection with two small copper tubes or eyes, which are fixed cross- 
ways in the head of the plug. These eyes are intended for the reeeption 
of the main wires of the battery, and the current in passing has to flow by 
the insulated wires contained in the core of the fhze, and to leap the inter¬ 
val of one-sixteenth of an inch which separates them. To enable it to do 
this, the exposed ends of the wires are covered with an explosive composi¬ 
tion of feeble conducting power, consisting of an intimate mixture of the 
following ingredients:— 

Sub-phosphide of copper, ... 10 parts 

Snb-snlphide „ ... 45 „ 

Chlorate of potassa, . . . 15 „ 

About a grain of this composition is inserted into a small cap of metal foil 
which is twisted on the end of the gutta-percha’s core; and the Lurstuig 
charge is contained in a tin tube of a few inches in length, which is fitted 
on to the end of the faze plug, and corked at its lower extremity. 

When the fuze is about to be used, and has been prepared in the man¬ 
ner described, the end of the wire which leads from the battery is pressed 
into one of tlio copper eyes, and another shorter wire is pressed hito the 
other eye, and its upper extremity put into connection witli the outer sur¬ 
face of the vessel containing the charge, if it be of metal or with a metal 
plate attached to it; if it be of wood, the circuit through the fuze and main 
wire is completed by the water between the surface of the cylinder (or the 
metal plate), and a metal plate attached by a short wire to one of the poles 
of the battery, and immersed in the water. The neck of the cylinder 
through whidi the fuze has been inserted is of course stopped with a water¬ 
tight plug. The charge being thus prepared and placed, the boat contain¬ 
ing the magnetic batteiy is withdrawn to a convenient distance, and the 
charge is firod by a «nart turn of the handle of the battery, which, by 
causing the armatures of the magnets to rotate before their poles, produces 
the succession of induction current necessary for ignition. The main wire 
leading from the battery must be carefnily insulated from the water, and 
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the connection of the retom wires with the water carefnlly made. Ihe 
other connections with fuze and battery need not bo made with as o^uch 
care ae when working with the galvanic battery, for, here we hare to deal 
with electricity of higher tension than is produced by any galvanic battery 
of moderate power. 

867, This description of the fuze and its use, all of which may be found 
in greater detail in Messrs, Wheatstone and Abel’s Report, above referred 
to, will enable me to dispose of the rough, but effective fuze, here employed 
in a few words. In place of the wooden plug, a cork is employed, which 
docs the double duty of holding the gutta-percha core and of corking the 
ovlhider. The core itself, instea<l of tlie carefully manufactured article 
above described, may be simply made by taking two pieces, eacli a few 
inclios long, of single insulated copper wire cut from the coil employed as 
main wire, cleaning them for about half their length, and fuzing them 
together by passing a hot iron over the gutta-percha with which they are 
covered. They arc then pressed together till tlio ends of the wires arc one- 
sixteenth of an inch npart. A shorter interval may bo employed with 
adA^aiitage, say one-twonty-fifth of an inch. This core is passed through 
the cork, and the portion of the fuze wires which have been cleaned and 
exp<jscd, project above it for the purpose of making connections. One of 
these, supposing the fuze to be primed and placed in the cylinder, is bent 
over and put into connection with the metal of the cylinder generally by 
I'olding it lip with a little slg) of tin projecting from the neck; the other is 
put in connection with the main wire of the battery. 

Tlie jiriming of the fuze is previously effected by cleaning the inner end 
of 111 '’ ;-orc, wrapping a small jiapor cartridge luoud it, inserting a grain of 
the magnet fuze composition and filling the rest of tho cartridge with meal¬ 
ed powder slightly rammed, to prevent it and the fuze composition from 
r cparating from the end of the wires. The end of the cartridge may be 
plugged with wax. This small cartridge is quite sufficient as a bursting 
charge for 50 fc. charges; but for larger charges, a larger one would be 
preferable, and could be tied round the cork, which would then be passed 
altogether into tho charge, and other arrangements made for corking the 
cylinder. 

A water-proof substance must always be employed to'cover the top of 
the cork, and protect the connection of the main wire with the fuze which 
is just outside it, from the water. Tho substanoe here employed is that 
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called Eiti composition; it consists of a mixtiiTe of the following ingredi* 
8 nt% slowly heated together: •» 

fefl. OK. 

Beain, ..... 7 8 

Pitch,.6 14 

Bees* wax, ..... 6 14 

Tallow, . ... . . 1 14 

In warm weather it should be kept cool in water, or it becomes too soft to 

use with convemence; in other respects it is perhaps the best and most 

flexible water-prooflng that can be employed—an important point where 

any fuze or wire leading from the cylinder is liable to flexure or vibration. 

The only precautions that are necessary to be taken with these fazes, be¬ 
yond the perfect insulation of the main wire from the water, are that its 
connection, which is just outside the cork, should be kept out of contact 
with the surface of the cylinder, and that the cylinder itself should not bo 
washed over with any water-proofing which wonld insulate it from the 
water and check the return current. The main wire should also be tied to 
the cylinder, so as to prevent any strain coming on the fuze or its connec¬ 
tions. ^ 

The percentage of failures with these fuzes has been exceeding small. 
Out of 60 charges lately fired in depths of from 8 to 20 feet of water, and 
varying in amount from 50 to 450 lbs., there have been only two failures; 
ami these were due probably to defective insulation of the main wire and 
not to the fuze. 

868 . The Magnetic Battery and insulated wire were obtained from the 
Telegraph Department; the latter is copper of about one-eighteenth inch 
diameter, coated with gutta-percha. The battery is contained in a box 
about 14 inches sqa.are and 9 inches high. Its great advantages over the 
Galvanic battery are, that it requires the use of no liquids; it is always 
ready &>r use; its power is constant; and it is more compact and less 
liable to injury. The magnet fuze composition was prepared at Calcutta, 
but as it may sometimes be impossible to procure it, it is important to know 
a substitute. Mealed powder* when moistened to a certain extent is an 
excellent one. The mode of preparing it is described in the Royal En¬ 
gineers' Professional Papers before referred to, but may be repeated here. 
Dissolve chloride of calcium in alcohol till the solution is saturated ; steep 
mealed powder in it till it has thoroughly imbibed the alcohol and with 
it the chloride of calcium. Dry the mealed powder completely, and pre- 
* Couia not be depended on dorinc the hot winds or very dry westher.—W. 3 . 0. 
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senre it so in a closely stoppered bottle. When required for use, a few 
minutes exposure to the air will, by absoiption, render (be powdmr suffi¬ 
ciently moist for use; this may be known by its showing a ten<fen<^ to col¬ 
lect together into small granules. It may then be used in precisely tiie 
same manner as the sulphide of copper composition. Twelve or fourteen 
trial fezes have been fired with this composition in succession without 
failure, but it has not yet been employed in place of the magnet feze com¬ 
position ; the trial was considered to prove (hat it was sufficiently certain 
for ordinary use. Mealed powder may also be moistened to the proper 
degree for priming fezes by simply folding a small quantity in thin doth, 
and breathing through it. It is apt, however, to dry too soon, and it is 
not by any means certain of ignition. Nothing further need be said on 
the subject of firing charges, but it may be added that the charges in com¬ 
mon use are 25 and 50 lb. ones, contained in tin cylinders. For use in 
depths of 15 feet and less, these cylinders require no strenthening, but for 
greater depths they should be strengthened with either stays or rings. 

369, It will render this account more complete, to give a few instances 
of the demolition of trees, out of the number that have been removed this 
year. 

In December, a large scmnl tree, lying 200 feet from the banks at a village called 
Cbuprce, Avas removed by bloetiug- The depth of water at the root, which lay np- 
fltreum was 20 f(!ct, and the cun-ent 2^ miles per hour. A number of separate 
brandies spread out nuder ami above water, and were demolished by separate charges 
of 25 to 60 tbs. of iwwdcr. The root and stem gave most diflSculty ; the latter was 
however broken by two sncccsBivc charges and separated and dragged to shore by 
crah-capstans. The root which spread out in irregular masses to a diameter of 20 
feet facing the current, resisted a great number of charges, and several (flinders were 
broken on its projections ; others of the charges broke off portions, bat brought other 
new ones up to the surface. The tree was finally demolished after the expenditure 
of 850 lbs. of powder. It would have been a manifest saving of time if a 400 Dt. 
charge could have been placed near the root, but the strength of the current, and the 
shape of the root, rendered it impossible.* The crab-capstans employed were roughly 
mode, but have proved very serviceable. They are a convenient mode of obtaining 
great power, and a few carpenters and blacksmiths can make up one in a day or two. 

In February, n large tree lying near the bank at the village of Tiypoor was 
removed. The stem was a mass of wood of about 10 feet in diameter, and the same 
in length. The branches were demolished in the ordinary way, but 60 Ib. charges 
had no effect on the stem. As its upper side projected above the surface of the water, 

• Laree boats could not safely be ^ Into portion in front of such a tree, and oven if they 
could a cask largo enough to contain 400 Iba. of powder would offer sneh a surface to the cur¬ 
rent as to be quite unmanageable; in some positions a cask may be sunk by another plan, des¬ 
cribed further on. 

t 
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it was ultuontely split np by small cluurges placed in boles bored in the wood. Here 
also a charge of 300 or 400 lbs., if effective, would hare saved time ; bat neither was 
there a good position for one, nor do I believe that it would have had any further 
effect than to throw the stem a short distance to one side or other, as the wood was 
perfectly sound, and of great strength. 

Near the some place a large tree lying half on the bank and half in.watcr was 
demolished by a 2(X> Tb. charge, followed by a few small ones. The charge was 
placed in a cask under a hollow of the tree and in the water ; the timber directly 
over the charge was about 12 feet thick, and embraced a palm tree that had grown 
with it. The timber around it was completely shattered by the explosion, but the 
iMihn itself was unhurt. Here the good effect of the charge was dpc to the timber 
being rather decayed, and to the good position in w'hieh it was placed. 

In Fehruory, two trees, each 9 or 10 feet in diameter, were removed from the river 
at the village of Bclthfah. The water was too shallow fur the use of large charges. 
On one of them a few 25 to 50 lb. charges were first, employed, and the stem was 
lifted out of tlio sand so ns partly to project above water ; it was then split n]> by 
small blasts placed in Uie wood, and its demolition completed with 25 and 50 It), 
charges. The other tree was removed in the same manner, and in both cases the 
fragments, which wore large, were draped out by three capstans working together, 
and hauled up the main bank by an English gyn. Attcm])ts made at the same ])1ucc 
to remove a sunken hanyan^trec were unsuccessful. The roots resisted several small 
charges, and ultimately a charge of 1(>5 lbs., and a force of 10 tons applied by means 
of capstans and cables, had no effect in tearing them asunder. 

In February, a large tree lying on the sands above the water level was demolished 
by means of two 25 lb. charges, fired simulbmeously in tlio followirig manner 
From the main wire of the battery, a branch was led to each charge, atW as the eyliu-- 
ders lay in dry sand, whereas a moist connection is necessary to complete the ntum 
circuit, the rctmn wires of the fuzes were connected wnth metal rods driven down into 
tho sand till moisture was reached. To make the connection moi-e pcrf''ct, water was 
poured over each cylinder and the sand round it. The battery wof }()0 yards away 
at the edge of tlic river. The return wire and plate were immersed in the ivater as 
usual. Both cliargc.s ignited perfectly eimultancouBly. 

In March a large tree lying in deep water and a strong current at the village of 
Tickyah, was partially removed. Here also two charges were fired simultuueously, 
but with little effect; ultimately a chivrgc of 450 lbs, was sunk and fired in the 
follomng manner:—A cask was prepared and tarred, and two rings of hoojviron 
were nailed on its ends, so os to project from its sides and allow it to slide down a 
rod. A bamboo 4 inches in diameter wtvs driven in tho best spot availabhi, and the 
cask was passed on to this by means of tho rings ; it then stood floating on the water 
in an upright position aud empty, but with the fnze.s prepared and inserted. In this 
case tho independent fuzes were employed, os it would have been a ditfieult matter to 
recover the cask had one failed. The cask was filled and sunk in its place in a dc})th 
of 20 feet, by weights; the bamboo wns securely stayed against the tree, and the 
main wire being connected with one of the fuzes, the boats were drawn away, and the 
charge fired.* The effect was not so good as might have been expected ; some lower 

* In this manner the drag of the enrrent on Oio cask was rendered barmless, and In spite of 
it, the charge woe snoMsefally sunk into its poBltion under a perfect network of branches, in a 
place where it would have been quite imposdble to bring a laW boat, 
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branches were separated and the tree was thrown into an npright position, bat the 
stem was quite uninjnred. The remaining operations require no notice. 

A tree bnriod in the sand and liable to become dangeruds on the shifting of the 
channel, was attacked in the following manner:—Its position and size were first 
ascertained with iron sonnding rods. The stem was found to be 8 feet raider the 
sand, and 7 feet 9 inches raider the water level. A good position being selected, an 
iron tuiic 11 feet C inches long and 1 foot in diameter, was driven down beside it 
to a dcptli of 11 feet by means of a ringing engine. The tube was then bored out 
to a depth of 10 feet with a boring tool 10 inches in diameter, ond provided with a 
leather sand valve. A 50 Ih. charge was passed down tJie tube to that depth, and 
the tube was drawn by a differential pulley hung to the ringing engine. The charge 
was fircil by means of a tin tube and pellet fuze but without much effect. It was 
neither large enough, nor had it been placed deep enough. The tube should have 
been driicn 12 I'cct deep, and a 100 lb. charge idaeed at a lower level than the stem. 
Time ilid not admit of repeating the operation, hut the mure dangerous part of the 
tree was removed by other means. 

In tliis o]ieration tlic Hinging engine was worked in the following way:—^Thc rope 
fttiinched to tiie r:ini was passed down, and through a (dock at the rear of the engine 
it was carried a long distance to the rear, attached to a peg and worked alternately 
by two parties, one of whiidi ttxik it np when the other dropped it, and the ram ha<I 
fallen. In this manner nearly double the ordinary nnmbcr of blows were delivered 
in a raiimte, and the men wore not fatigued to the usual extent; but of course a 
double working party was iicrosf«iry. 

A Urge ti’oe, Ijing in the sands near n village called Gyasponr, was removed by 
small blasts fired in boles made by means of a lever drill. This drill, which was 
made n[' ont in camp, consisted of an iron frame, currjnug ii wheel 1 foot in diameter 
and working on u vertical axis, Tlic frame was provided with keys for clamping it 
on a square iron-rod 5 feet long, and pointed at one end. This rod could be readily 
biiimiiureil into the stem of any U’e.e it was required to bore, and the drill clamped to 
it eonbl ihiis lie 'nvmglit to buir in any desired direction—^vertical, slojn'ng, or hori¬ 
zontal—till 11 MS of the wheel Avas pierced to carry a square iron-rod, in the lower end 
ofuliieli the drill blN were fixed. The ujrpor end was i»oinfced, and prcsstiro was 
applied to it by means of a lever clumpi'd at any required height to the rod driven 
into the timber. The drill was driven from a 3-fect wheel placed in any convenient 
pusiLinii; it was capable of boring 3-ineh holes with moderate rapidity. 

i 

370. TJic following account of the removal of kunknr banks, is by the 
same officer:— 

The features that these rocks usually present have been already describ¬ 
ed, and it only remains to state the means that have been employed in 
attempts to remove them. The first trials were made last year on a small 
rock of thin kunkur, lying in from 2 to 6 feet of water, and in a strong 
current. The apparatus employed was a species of small cofferdam of a 
portable character, consisting of an outer and inner frame and sheeting, 
and including between them 2 feet 6 inches thickness of strong clay pud- 
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die. The space enclosed was a rectangle of 4 feet 6 inches by 3 feet 6 
inches, Uio object being to dry a space sufficient for a miner to work in, 
and drive a shaft down through the kunkur, in which a large charge might 
be placed and fired. The outer sheeting of the dam was supported by four 
frames, rectangular in shape, and each 10 feet by 3 feet 6 inches high, 
braced diagonally and made of 8^ inches s^l scantlings. Those frames 
when bolted together at the angles formed a square enclosure, within which 
the sheeting was put down vertically in 6 inch Widths. The sheeting was 
supported at the back by longitudinal pieces parallel to the top and bot¬ 
tom rmls of each frame, and 2^ inches within them. Those pieces could 
be put in position after the frames had been bolted together. 

The inner framing was constructed in the same manner, only smaller, 
80 as to allow the space between the walls required for puddling. The sur¬ 
face of the rock being very irregular and steep, it was necessary to put 
down the the cofferdam in the following manner:—Two boats were anchor¬ 
ed over the rocks, and the outer frames previously bolted together so as to 
form a square enclosure, were let down into the water. A few pieces of 
sheeting were then dropped in at the angles, and wedged when resting on 
the rock. The position and stability of the frame being thus secured, the 
remaining sheeting and the inner frame were rapidly put in, and the pud¬ 
dling commenced. The attempt to dry the dam failed; it was found that 
the substratum was sand, and the water came up through cracks with 
which the surface of the kunkur was covered; but there is no doubt that 
this kind of dam could be used occasionally with advantage where the mater¬ 
ial to be removed is solid rock or knnkur underlain with clay; it is very 
portable, and could be put down and taken np much more rapidly than a 
dam supported by any arrangement of jumpers driven into the rock. 

871« next attempt on the same rock was made with boring tools of 
rough construction. A portion of the kunkur in 4 feet depth of water 
having been broken up, an attempt was made to bore down, through the 
substratum, with the object of placing a 50 or 60 Jb. charge at a depth of 
6 feet, or thereabouts, below the kunkur. This attempt also failed from 
the fact of the sandy substratum being too finid to retain anydiole. 

Trials were next made on a rock 80 feet long by 50 feet in width, and 
partly above water; the substratum in this case, being day, the boring tools 
proved qmte effective. The operation of placing wd firing the charges 
ultimately took the foUovriug shapeA 2-mch iron>bar was first driven 
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down into tiie knnknr to a depth of 6 or 7 feet, and drawn j into the hole 
thus formed, a small charge of powder contained in a thin cylinder of Un 
was inserted to a depth of 6 feet and fired. It was found that this charge 
by its explosion produced a narrow crater in the kunkur about 6 feet deep, 
and after edeariog the hole with a boring tool about 1 foot in diameter, a 
50 fi). charge was readily placed at a depth of C feet under the kunkur, 
whether under or above water. It made little or no difference in the ra¬ 
pidity of the operation wliotlicr the kunkur lay under or o\er water. The 
hole having been tamped, the charge was fired with the peUet fuze,* pro¬ 
ducing a crater of about 1.^} fcLl in diameter, and 6 or 7 feet deep. In 
this manner the rock was rapidity blown away to a depth of 6 feet under¬ 
water, the whole ojjcratiou not la'stiug more than ten days, and had arrange¬ 
ments been inojo perfect, this .tme would have Imjcu shortened very much. 

372. Jn tin jiegimiuig of the picsent sc.ibon, attempts were again 
made on kunkur undcrlmn with sand, and under 3 feet of water. The 
following method was now adopted-—Boats were prepared with framing, 
and ]>laubs snfiiciontly strong to litar a licavj strain; they were anchbred ^ 
A ei the rock with ao interval of a few feet between them, and lashed to- 
getlni by cross-tics A light lri.mglc was erected on the boat, and from 
it was first suspeuded a beam of wood, shod witli a heavy cast-iron pile- 
shoe. and slung from a pulley. This was worked up and down like the ram 
of a Hinging engine till the siiiface of Uio kunkur was completely broken 
up 01 er a small space. Ou the spot thus broken up, an iron-tube U feet G 
mche- long and 1 foot in diameter, was now placed, aud driven by a ram 
sluiif. from the triangle, aud worked as before described. When driven to 
a dc}»th of 7 feet, it was bored out, and a charge of 50 Djs. placed at a 
depth of 6 feet under the kunkur. The tube was then drawn with a dif¬ 
ferential pulley, and the boats being removed, the charge was fired by 
means of Bickfoi-d’s fuze, producing a crater IG feet in diameter and 5 feet 
deep. The operation occupied about 8 hours, but it was not repeated be¬ 
cause the river was too high at the time to make it of any real advantage 
except as an experiment. 

373. Since that time no operations hare been undertaken against 
kunkur rocks, except the following, which was also purely experimental. 

The kimkui' beds at Hnrdco arc the most extensile on the Gogia; they lie at 
various depths, and several rocks jut above the soilaco, or arc just concealed by it 


ThU was one o£ the eoiUcsl operations, and no golrauu. or inagnotic battci} was at band. 
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iriien the river is at its lowest level. But vrhatever their total exteut may be, there 
is no doubt that the removal of about 10,000 square, or 20,000 cubic, yards of the 
isuost prominent rocks would greatly improve the channel. It remains to be seen then 
to what extent the experiments that have been made jnstify ns in supposing that 
this can be done within a reasonable time and at moderate cost. As in the previous 
experiments, bouts were moored over tbejrock ; this time in from 4 feet 6 inches to 5 
feet of water, and a current of more than 2 miles per hour. The other arrangements 
wore the same as before, but as the knnknr here lay to on indefinite depth, and partial¬ 
ly mixed with clay, the tube before used was not necessaryr A 2-inch iron-bar was 
driven atraight dorvn into the kunkur to a depth of 6 feet, and drawn by means of a 
differential pulley assisted by block tackle worked from a capstan. The hole thus 
made was slightly rymed out with an iron tool for the purpose, and a slender sal pile 
was driven down, deepening and widening the hole to« diameter of 3 inches it was 
rapidly withdrawn, and a charge of 8 lbs. contained in a tin (^liuder was pressed down 
into the hole to a depth of 8 feet. This was fired, and the hole^trudnccd, which was 
as narrow at the mouth as at the bottom, was cleared ont with a boring tool 1 foot 7 
inches in diameter and 10 feet loifg ; into this a rliver descended, and reported that it 
was about 2 foot in diameter tlie whole way do'ivn and 8 feet in depth. A charge of 
60 lbs. was all that was available at the time, and it foiled through the breaking of 
the cylinder j but this failure in no way affects the principle ; moreover other char¬ 
ges were fired successfully under the same rock, in the same manner } bnt this in¬ 
stance is given, as it was the most successful one in the prodnH of a large and deep 
diaft. 

374i The centre of the above charge was at a depth of 7 feet 6 inches 
under the snrfaco of the kunkur, and with a farther depth of 4 feet 6 inches 
of water above it. Now, although we have no exact data for the induence of 
this depth of water, we may presume that it will necessitate a considerable 
increase of Uie charge in order to produce the same effect ns in air. The 
charges ordinarily used to produce three lined craters in earth are calcula¬ 
ted as ;|th the cube of the Line of Least Resistance, whereas I propose here 
to employ charges of ^rd cube of L. L. R. On this supposition, the quan¬ 
tify of powder required at that depth to produce a three-lined crater would 
be 140 fils; and we may, perhaps, calculate that on an average, chaises of 
150 lbs. would produce craters of 20 feet in diameter; where the water 
was deep, they would, perhaps, produce less than this; where shallow, more. 
Part of the debns from such craters would generally lie about the edges, 
part would be blown to a considerable distance, and part would fall back 
into the crater where it would be harmless, being at a considerable depth 
under the surface. On the debris which Ifty ronnd the hole, the current 
would act powerfully, separating the clay and reducing its bulk to less than 

* In IDOM kunlcnr of tble description a wooden pile will act eflectnally as a wedge to widoi a bole 
already formed, bat It cannot be driven In the first initanoe even If abed with iron. 
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half the original; the nodnles of kunknr themselves would be carried away 
in the floods, or even if they remained they would be at a much greater 
depth under water, and could never bind again into a surface os compact 
as the original. Thus it seems likely that, even were the blasting opera¬ 
tions not assisted by dredging, the result would still be to break-up, disin¬ 
tegrate, and reduce in bulk the whole rock, and leave the kunkur in such 
a condition as to be acted on by Uie succeeding floods, and to be gradually 
carried away altogetlier. 

3?5i Ou such an extensive rock surface as that of Hurdee, it would be 
easy to accommodate three or more working parties,*—we may suppose 
three,—and it is not too muclt to assume that, with the proper appliances, 
each party would fire three charges in a day. Eight charges a day would 
be a fair allowance for the whole three parties, and supposing such charges 
to bo placed at two-lined intervals, or 14 feet apart, the.whole number of 
charges required to break up a surface of 10,000 square yards would be 
4G2, the quantity of gunpowder about 70,000 lbs., and the number of days 
in which it could bfli«donc 58; but allowing for unavoidable delays and oo- 
Cttsioual bad weather, it would be well to calculate oii the operation lasting 
three months, which is about the length of the season most favorable for 
such work. 

The cost of the operation may be roughly e.stimated as follows- 

BS. 

Working parties, inrliuling crews of three pair of boats, 

20 men eiu-h, at an arfroge rate of wages of lla, 5, • , 300 

Three Lalliia in charge of boats, at Its. 15, . . . 45 

Hire of additional boats for carriage of men and materials 
to and from shore, '.100 

Total . 466 monthly. 

As experiment has not yet decided how far it would bo necessary to assist the ac¬ 
tion of the charges by dredging away the debris into deep water, the hire of the three 
boats, at Rs, SO per month each, will be added to the above ;— 

ss. 

Brought forward,.446 

Hire of three bouts for dredging at Bs. 30 per month, each, 90 

Total . . 635 

Total boat hire and labor for three months, . . 1,605 

The work would of course require the presence of an Engineer and a 

• Enrh pair of boata would take up a considerable space in order to keep tke onoorlngB clear of each 
other. 
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European Overseer, whose salaries however will not appear here. The 
expenditure on materials would be trifling except that on vessels to contain 
the charges. This expenditure could be reduced to a minimum by employ¬ 
ing either 100 or 200 Ib. charges, in either of which casch, the original 
powder barrels wonld bo placed in the mines, and no expense would be 
inenrrod beyond that of making them water-proof. 

If ]60 Di. cliarpes be employed, us here eontempkted^ Ihe eost of tin evlinders 
should bo added to that ot pmparinsf the ijarrcls, aa it wonld be necessary to employ 
for each 150 lb. charge, one 100 B). barrel, and one 60 Ih. cylinder. 

BS. 

Cost of preparing 402 barrels, at 8 annas each, . . 231 

4C2 tin cylinders, at Ils 1 each,.402 

Total, . 003 

Making a total cx]ieDditurc daring the iirugress of the 
works of.2,298 

876. The first cost of preparations and of a stock would be as 
follows;— ** 

The boats employed for boring and for placing the charges should be¬ 
long to Government; but their cost would be a charge only against the 
first operations, as the same boats would answer for all subsequent ones, 
as well as for any of the ordinary works of the season. Allowing two 
150-matmd boats to each worlcing party, at a cost of Its. 1 per raaimd of 
tonnage, the estimate would bo as follows 


Bix 15(l-mannd boats, at Hs. 150 each, 

, » 

. 900 

Decking and strengthening do., at Jls. 50, . 

■ 

. 300 


Total 

. 1,200 

Plant, 


US. 

Six 2 feet diameter Iioring tools, at its. 50, 


. 800 

Three triangles, at Its, 50, 


. 150 

Tlirco differential pullcjs, at Rs, 100, . 


. 300 

Three cialt winches, at Us. 100, 


. 300 

Misccllancuas. 


. 150 


Total . 

. 1,200 

Grand total first cost of boats and plant, 


. 2,400 

Grand total cost of labor and materials, 

. 

. 2,298 


The above estimate for plant docs not include jum^ierB, hammers, Binging 
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engines for driving the jumpers,* by which are here meftnt simply pointed 
bars of iron, not steeled; blocks and some smaller stores, which in this 
case happen to be in hand at present. Had these to be inclnded, they 
would increase the estimate by about Rs. 400. 

Taldng the hgures as they stand, and adding 10 per cent, to cover conr 
tingencies and the wear and tear of tools and cordage— 

ns. 

The total first cost of boats and plant will Imb, . . R,CI0 

The total cost of labor, boat-hire and niatcriola, , , 2,526 

These amounts represent the cost of the operations on a sunken rock, as 
it would be charged against the sum appropriated for works, and it takes 
no account of the cost of European supervision and of gunpowder, which 
would not bo so; but where the expenditure of gunpowder is so great, its 
cost, if it entered Ihe estimate would Ixscome by far the largest item. In 
the foregoing estimate tlie cost has been worked out by calculating merely 
from the extent of the surface of rock to be demolished, and it has been 
tacitly assumed thakthe charges would in every case reduce the kunkur to 
a safe depth below the surface. This depth may, and has been assumed 
as 6 feet, but every additional foot that could be obtained would be of value, 
and be worth a proportionate increase of expenditure. In order to obtain 
a clear depth of C feet in every case, it would, perhaps, be necessary to use 
larger mines where the kunkur lay nearer the surface, and smaller where it 
lay deeper, lint it is thought that the average taken, namely, 150 fts. for 
each mine, is on the safe side of the truth. 

377, The difficulty previously mentioned, namely, that of entirely disper¬ 
sing the kunkur thrown up by Uio explosion of a chai^ge, might be partially 
obviated by using rather larger charges than those proposed, or by dredg¬ 
ing, or by both methods. Is is a matter for experiment, as no sufficient 
data for it exist at present; but it is suggested that it would be economi¬ 
cal to work only on the deeper part of a reef according to this method; and 
where cofferdams could bo constructed, to employ them for the removal of 
all rock within 2 feet 6 inches or 3 feet of the surface, as in such shallow 
water they would bo readily and cheaply constructed. Cofferdams appear 
to have been employed on the Ganges river works with a certain degree of 

» The jumpers on all the rocks yet tried ooiilcl Ite hammered directly down through the knnknr, 
which of course can be much butter tloiio with a Binging engine than by hand. In the case of block 
kunkur it would be necessary to work the jumper in the ordinary fashion. 
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■iweeMi bat at an jonormonslj greater oost than that here estimated; there 
are also certain objections to their use, which cannot be gone into here, 
and many of the rucks spoken of hare a sandy substratum which would 
not admit of their employment. 

The abore description and estimate will answer their purpose, if they be 
considered to show the feasibility of removing huukur rocks on a large 
aOale at a reasonable oosL On such a scale as here contcniplnU>d their 
removal is—by the ordinary methods^ of blasting—by no means a simple 
Engineering problem, and an inspection of the rocks themselves, with mas¬ 
ses jutting up here and there and the current racing over sunken beds 
between them, is not at all calculated to ro-aasuro the Engineer, who has 
not at the time decided on his means of attack. 

378< 4. The moans to be resorted tt) for obtaining a suitable depth of 

water for navigation, arc all compri-cd in the above paragraphs. The ex¬ 
pensive system termed lock and dam navigation, often used both in America 
and England, which consists in dividing the stream into several suitable 
reaches or pools, by fonning dams to keep the water in the pool at a con¬ 
stant head, and by passing from one pool to another by locks at the ends 
of the dams, could, it is evident, bo rarely applicable to Indian streams. 
Something in this direction might, however, be tried on such a stream as 
the Raveo, where the river is of a manageable size, and the results to be 
obtained by its navigation are very important. 



INDEX TO VO],. II 


The Numbers refer to the Paragraphs. 


Ajivtmentr, 91. 

Afitux, 80. 

Allali;i1>iul l-liJ. 

Aiii(‘ul»i, 327. 331. 

Colni-oon, 338. 
eons! rnction of, 320. 
for U|)|ifr InJia, 333. 
lioilavery, 333. 

Ivistiiii, 33<>, 

Anucancts, 3ii7. 

ArVlu--: 12. 02. 

.srll liMiieid of, 102. 

A.spliallr. 21-1I3. 

Jl.ixni:r,s. 310. 
iron. 3<>2 
location of, 3(i2. 

Tlaroo I3);il> ranal, JalU on, 2SS, 391. 

Llai-racK,-, flc:~iifnin'j of, 30. 

Non .‘^llC■I■a. .>1. 
stand.'iui, 31. 

J-J.arra l>ri(l‘;(*, 137. 

Ulastiiij', 109, 2t)0. 

illockinj' txjurso, 95. 

itoat Vjricl>;;oN, 73. 
at l>c-lhi, 7-1. 

Jloriuf'. 4. 

Bowstrinjr girder, 123, 160. 

Uroakwaters, floating, 357. 

liridges, suspension, 150. 
boat. 73. 
design of, 8(5. 
flying, 70, 
iron, 128 to 153. 
masonry, 87 to 103. 
parts of, 87, 
pontoon, 76. 
rope, 71. 


j llridgcs, site of, 77. 

I stone, 97. 

temporary, G9 to 71. 
i w.atoi’way of, 79 to 85. 

j 'vvoodeii, lot to 127. 

I I3uttre.sses, 11 . 

C.\.i,iNoi'L.4iis, 338. 
siz.e of, 339. 

Cumlier of bridge girders, 139. 
Cast-iron bridges, tlellection of, 132. 
girflers ot', 133, 134. 
iviad\va\' of. 13.5. 

Catcbinent basin, 8.5. 

Colonel Difkeiis's formula for, 85. 
I Cant for curves, 22t>. 

! Canals, Bengal an<l Madras, 262. 

; aligument of, 275, 27d. 
liranclies of, 2SU. 
bridge,s on, 281. 
et)st of, 321. 

' discharge of, 2(!6, 270. 

cartliTvtirk t>f, 2^7. 

iimndation, 363, 264. 

' Madras. 32-5. 

1 oftenees on, 320. 

profit of, 323. 

I revenue of, 322, 334. 

slopt! of, 268, 369. 

I source of, 265. 

! tail of, 379. 
j tow-paths on, 282, 

1 value of, 324. 

velocity of, 370, 271. 

I width of, 367. 

I Canal chokees. 284. 

dams, 298, 300 to 302. 
distributaries, 307. 
escapes, 306. 
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Caasl eitabliahment, 319, 320. 

&1U, 285,281}, 289, 290. 
falls, pattern, 287. 
locks, 293. 
mills, 294. 
rapids, 292. 
regulators, 302, 304. 
vertical fall, 288, 291. 

Ceiling, 42. 

Centerings, 98. 
sandbox, 100, 101. 
striking of, 09 to 102. 

Chimneys, 16. 

Churches, designing of, 50. 

Church, Mean Meet, 51. 

Attock, 61. 

Cawupore, 51. 

Continuous girders, 141. 

Oorumboos, 326. 

Culverts, 173. 

Current, metre, 84. 
velocity of, 79 to 84. 

Curves, lining out of, 182 to InO. 
on railways, 209. 

Desionino, 45 to 50. 

Dharwar bridges, 127. 

Discharge of cuii^s, 2ti6, 270. 

Doorways, <5. 

Doors, 41. 

Dredge’s bribes, 150 

Dredging, 363. 

East India Bailway, 225. 

Eastern Jumna canal, 309, 310, 311. 

Estimate, 67, OB. 

Estimating, 54 to 56. 

Embankments, 349. 
alignment of, 351. 
instruction of, 353- 
section of, 352. 
when necessary, 350. 

PsEET boats, 72. 

Fireplaces, 43. 

Flag-stones, 17. 

Floors, brick-on-edge, 16, 
terrace, 18. 
wooden, 23. 

Flues, 20. 

Flying bridge, 76. 

OaiteBS canal, cross sections of, 378. 


Ganges canal, bridges, 103. 

Dhunowree dam, 298. 
falls on. 287. 
headworks, 303. 

Khutowli escape, 306. 

Solanijmucduct, 297. 

Gauge ofroilways, 229. 

Girder bridges, 119 to 123. 

Qoomtee iron bridge, 149. 

Gh’adients of roads, 100 to 164. 

Gradient boards, 244 

Great Indian Peninsular Railway, 247, 

HosPiiAL, Roinbay, 51. 

Horse railways, 253 to 265. 

Hill roods, tracing of, 196,197. 

Hurroo bridge, 127. 

Inlindations, 348 
prevention of, 358. 

Inverts, 5. 

Irrigation outlets, 310. 
sluices, 340. 
size of, 342. 

Irrigation, tor and d&l, 312. 

Iron bridges, joints ol, 152. 
arched bridges, 147. 
arched, strength of, 148. 

I bridges, material of. 129,130. 

I kinds of, 131. 
j pieis, 153. 

JUBBULI’OBF 1 ail way, 235 

Kolabahs, 310. 

Kucha roads, mistakes in, 156. 

Kunkut banks, blasting of, 370 to 377. 

Lattice girders, 122,141, 143 
Latjore and Peshawur road, blasting on, 
200 , 

Level crossings, 221. 

Locomotives, 232,238, 235. 

American, 234. 

Punjab Railway, 236. 
power of, 237, 238. 

Lucknow and Fyzabad road, 180. 

Magnetic battery, 866, 868. 

Morkunda bridge, 103. 

Metalling of roads, 108,191,102, 103, 
Mirzapore bridges, 101. 
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Morhor bridge, 101. 

Moogbyr tunnel, 218. 

Ni^VlOATiON, obstaclea to, 359. 

Ogee fall, 287. 

Oropholite, 34, 

O’Shaughnessy’a cement, 22. 
Over bridges, 221. 

Pabapets, 9-5. 

Paving tiles, 17. 

Paved causeways, 69. 

Permanent way, 223 to 2'.i) 
Brunei’s, 227. 

Greave’s, 227. 
on curves, 226. 
oi-dinary, 224. 

Untter’s, 22S. 

Sibley’s, 228, 

Piers, timber, 126. 
foundations of, 88, 89. 
iron, ].')3. 
thii’knehs of, 00. 

Plinth, 5. 

Pontoon bridges, 75. 

bridge at Agra, 75. 

Pont de I’Alma, lUJ. 

Points, 230. 

Private houses, designing of, 50. 
Punkahs, -tt. 


Rails, 225. , 

Railways, Indian, 203. 
ballast of, 211, 212. 
curves of, 209. 
direction of, 205. 
earthwork of, 210. 
fencing of, 222. 
gauge of, 229. 
gradients of, 206, 208. 
permanent way of. 223 to 230. 
resistance on, 207. 
staff of, 252. 
width of, 214. 

Railway tanks, 244. 
carriages, 231. 
chairs, 224. 
returns, 245. 
station, 51. 
stations, 239. 

„ Calcutta, 243. 

„ Umritsur, 242. 


Railway stations, dimensions of, 241. 
signals, 260, 251. 
sleepers, 224. 
terminus, 240. 
traffic, 248. 

Rajbuhas, 307. 
clearance of, 308. 
cost of, 309, 

on Eastern Jumna canal, 309. 
sections of, 308, 309. 

Rajpootana roads, 168a, 
llanj^oon custom house, roof of, 39. • 
Kapids on canals, 292. 

Rivers, improvement of, 354. 

Roads, origin of, 154. 
construction of, 190 to 193. 
cost of, 174. 
cross section of, 165. 
direction of, 158, 159. 
earthwork of, 172. 
estimate of, 174. 
fttirweather, 155. 
gradients of, 160 to 164. 
lining ont, 181 to 189. 
longitudinal sections for, 171. 
metalling of. 168,191 to 193. 
slopes of, 167. 
survey of, 1(59, 170. 
trees for, 166. 
repair of, 194. 

Roadway, 96. 

Rollers for roads, 193. 

Rolling stock, 231 
Roofs, kucha terrace, 24. 
iron, 35 to 39. 
planked, 33. 
pucka terrace, 25, 32. 
thatched, 30. 
tiled. 27. 
arched, 26. 

Rope bridges, 71. 

Roorkee girders, 36. 
trusses, 38. 


Sand-banks, removal of, 359. 
Saugur suspension bridge, 151. 
Shingles, 34. 

ShoaU, rentoval of, 359. 

Sindh Railway, 246. 

Slopes of roads, 167, 

Soane causeway, 70. 

Sohan bridge, 103. 

Spandrells, 93. 

Specification, 53, 67, 
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Specification, fom ofi 68 to 6«. 

for road repairs. 195. 

Bpvirs, construction of, oo4. 
at Cuttack, 335. 
stone, 350. 

floating, 337. ^ « o 

fit Paul’s Cliuroh. florae. 8. 9. 

Sunken ti-ces, removal oi, 3o4 to 3 . 

Supurpaf.s.^jcs,'iyj- 

Su'.jM'nsion kriilftcs, 1 ■> . 

Sutlej canal, huperp.is'^i^o for, dJJ. 
Swamps, passage of, 

Switclics, 330. 

Tavks, ivrit^ation, 335. 

Ciiumlirunibankum, 31o. 

coiistrui-tion ot, 337. 
foi tlui Punjab irontier, 341. 
for tbo Upper I’roviuccs, 34J. 
Madras, 3.18. 

Miiirwara, 310, 317. 

Mjscnv, 311. 
slniecs of, 310. 
surplus * 

■waste weirs oi, ooo, oow. 

Tntools, 311. 

Terrace floors, 18. 

TilcH, eolored, lU. 

Atkinson’s 29. 

(Joodtt.Mi’s, 28. 

Tinne\ ellej biidere, 103. 

'J'onse brids!;c, 14ti. 

I'r.icinsi (in!idr.uit, 197. 

Tralfio on linst Indian Ibuiway, -19. 

on roJids, cost of, 176 to 179. 
Trape/.oidal truss, 118. 

Traversing platlbnus, 230. 


Tunnels, shafts of, 216. 
cost of, 217. 
levels of, 220. 
lining out, 219. 
Tunneling, 198, 215 to 220. 
Tunilables. 210. 

Tubulai girders, 140. 

ITvnrit bridges, 221. 

Upt'Cr slorii.ll lionses, 19. 


VrVTlT \TTOV, 46. 

Vei.indabs, 40. 

foundation of, I to 4. 
tliickness of, 7 to 10. 

Wall-plates, 13. 

Watei-rales, 313. ^ 

Water, nieasuie'tieiit of, 314 to 317. 
Water module. Italian, .Jl3. 

('.nloll s. 116. 

on Gauge, i.in.d, .Jljr 
r.iising maebiiu*s, 2.39. 

Waneii’s ghder. 141 
Well irrigation, 257. 

Wlu-el guaisls, 95. 96. 

Windims, 11. 

Wing-walls, 91. 

Wooden biiiks. 14. i 

Wooden budges, calculations for, L*! to 

Wrougbl-iroii bridges, kinds of, 136. 
giidi rs ol, 137. 
loailway of,•138. 


ZiLL VUDARB, 319, 



GLOSSARY OF INDIAN TERMS DSED IN THIS 

TREATISE. 


Anit'.nt. —m;ir Imllt across a river to raise the level of the water for 
irri"iitiou purposes. 

Annu .—A eoTjier eoiii, value — If! make a rupee. 

—A <liu:ner—a ‘‘navvy.” 

Tieer/ith .—-.V local lati 1 nieasui’e, varviiijr much in ilifl'erent districts, bat 
tisiially about (hre<‘-/irths of an acre. 

Dhi'.alie .—A water-carrier. 

/ ,'inn!t(t .—(Jhojiped straw. 
lihnUco .—A ii.ativo kihi. 

Hndjrrcc .—A sort of f^ravel n.sed in mortar. 

Uturijfth.'t. —.loisfr^ used in flat roolinf^. 

ItuUnh or linllt'f .—A small tree, used as a seaftbldins? pole or as a pile. 
Jimul. — An einliaiikiin'iit. 

C!nli}}(i>iUt .—.V waste weir by wliieh surplus water is di.seharg^cd from a 
tank. 

Clmtiy.-—\ small earthen water-pot. 
dhitfarl '.—Two oniiees—Ifi make a .seer. 

Choknt. —The outer frame of a do«ir or window. 

Ooolie. —A common laborer. 

Chvnam. — Lime cement. 

Daghhel. —A nicking cut in the ground. 

Deodar—(Cednts deodara'). —A valuable wood, used in the Punjab ; 
nearly the same as the Cedar of Lebanon. 

Dhoob. —A species of grass. 

Dhenkeg. —A lever worked by a man's weight, and used to draw water, 
ponnd bricks, &c. 
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ULUSSARY. 


JDoah .—A tract of oountrj between two rivero. 

GhoMt. —A mountain pass. • 2. A river landing place. 

Ohooting.—A kind of lime. 

Grammie. —A thatcher; he also makes scaffolding. 

Gttnny.—Coarse sacking. 

Jhama ,—Vitrified brick. 

Jkam. — X peculiar tool used in well-sinking (see Vol. 1., p. 243). 

Khureef ,11 si ).—The autumn crop; sugar, rice, &c. 

Kunkur. —A peculiar form of limestone found in the plai i of Upper 
India, just below the surface, consisting of rough, irregular, nodules. It 
is used for road ipetalling, for burning into lime, for concrete and for 
building. 

Kucha .—Raw, unbnrnt, unfinished. 

Kurrie, —A small beam about 3 inches square. 

Lakh .—100,000. 

Laterite.-^X peculiar sandy clay, used extensively in Southern India for 
building and road metalling. 

Maund. —80 fts.—28 make a ton. 

Mistree, —A master workman; Raj mistree, a master mason , Rnrkaee 
mistree, a master carpenter; Lohar mistrep,.^ a master hlackst(.’th 

Moorum. —A kind of soft rock, used in the Bombay J’re.sidcncy for me 
tailing roads. 

Monsoon. —The rainy season. 

Musjid. —A mosque. 

Nand. —A large earthen water-vessel. 

Neemchuk, —The wooden ring on which the masonry of a well is built. 

Xfullah-^-Nuddce .—A water-course, full in the rains but dry during the 
greater part of the year. 

Pajawah .—A native brick clamp. 

Peela (bricks).—Bricks only half-burnt, 

Pergunnah ,—A sub-division of a Zillah or District. 

Phowrah .—A large hoe, the common substitute for the spade, used all 
over India. 

Pie. —A copper coin, value half-a-farthing—8 make one pice, and 4 pica 
make an anna. 

Pucin.—Bumt, completed. 
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PuH-chukkcc .—The uutivc vvutcr-wheel, used in Upper India for grind¬ 
ing corn. 

Puusal .—A water gauge. 

PvhJmIi .—A iraiiie ol wood and cloth, tiiispendud froni the ceiling of a 
room, and pulled by uiaiuiul Ial)ov, to serve as a IVm. 

Jtujbuhu .— A minor water-course for irrigation. 

linhhrf (JiiaI ).—Tlic spring crop ; wheal, etc. 

linju'v .—A silver toin—worth iilnuit 2.s. 

>SVe/ or --(Shortit rotjuMti ).—A strong toiii,iL wood, umuh used in 

buiidiiig tlmmg'lif.ut the N A\ Proviiices. 

Si\t —■-'* lbs — lo luaK't' . iiiiinnd 

Sih/r/Jh- I'tmii'ii-'l l>riek, used to iiijx in morbir. 

'/’ ,'ii.- t fiin , - lit ; 1 

7’,,,,v— —A wooii je .1 iiibbiiu inalu)g:niy, aiul used 

i u '.iinil;.! ii'iriio a 



E R 11 A T A . 

Pa{^e 100, lines, ybr the first w ^ read w ~- 
„ „ „ 9, Jbr „ to read to 

„ 201, l.yi'^ sine of the angle 



,, 2i»S, ,, lb, ybf advantage, »•€«(/disad^aiitogr. 


read bin ^ an- 








